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Abstract 
The purpose of this research was to evaluate user interaction with learning object 
metadata surrogates both in terms of content and presentation. The main objectives of 
this study were: 
• To review the literature on learning object metadata and user-centred 
evaluation of metadata surrogates in the context of cognitive information 
retrieval (including user-centred relevance and usability research). 
• To develop a framework for the evaluation of user interaction with learning 
object metadata surrogates in search result interfaces. 
• To investigate the usability of metadata surrogates in search result interfaces 
ofIeaming object repositories (LORs) in terms of various presentation aspects 
(such as amount of information, structure and highlighting of query terms) as a 
means for facilitating the user relevance judgment process. 
• To investigate in-depth the type of content that should be included in learning 
object metadata surrogates in order to facilitate the process of relevance 
judgment. 
• To provide a set of recommendations - guidelines for the design of learning 
object metadata surrogates in search result interfaces both in terms of content 
and presentation. 
Some benefits of this research include the optimisation of performance and 
satisfaction when searching for relevant learning objects and the improvement of 
students' interaction with LORs. Other implications include the development of a 
framework for the evaluation of learning object metadata surrogates, the formulation 
of recommendations for designers of IR systems and metadata professionals, as well 
as the creation of new knowledge concerning the relevance judgment process of 
students in higher education. Finally, the results of this study can have methodological 
and practical implications in the evaluation and the design of metadata surrogates in 
other types of query-driven IR systems such bibliographic databases and web search 
engines. 
The objectives of this research were addressed through a literature review, that 
facilitated the development of the methodological framework, and the design of four 
studies that investigated user interaction with different learning object metadata 
surrogates in terms of both presentation and content. The first two studies examined 
the usability of learning object metadata surrogates and the final two studies were 
focused on the evaluation of the content of these surrogates. The methodological 
frarnework of this study was based on the evaluation component of the design 
research paradigm which suggests the use of a mixed method research approach for 
the investigation of socio-technical phenomena (such as user interaction with 
metadata surrogates). The benefits of a mixed method approach for information 
science go beyond the concept of triangulation including also efficiency in the 
investigation of complex and multifaceted phenomena, flexibility in the data 
collection process and in-depth investigation of phenomena. 
The usability of the learning object metadata surrogates was examined through a set 
of two usability studies. The first investigated user interaction with three L ORs: 
MERLOT, ARIADNE Knowledge Pool and JORUM. The three systems under 
evaluation differed in terms of the presentation of metadata surrogates in their search 
result interfaces. This study showed that there was an impact of interface design of 
metadata surrogates on the accuracy of participants' relevance judgments, the time 
they needed to fmd relevant learning objects as well as their satisfaction with 
metadata surrogates. The results also showed that participants preferred metadata 
surrogates that were well structured and organized, highlighted key metadata 
I 
elements, displayed an informative abstract or summary of the contents of the 
learning object and were readable. However, participants in this study disliked the use 
of icons instead of text and also the presentation of lengthy and information cluttered 
metadata surrogates. The second usability test involved prototyping and 
experimentation with different metadata surrogate interfaces. This second study was 
focused on the impact of specific presentation factors (structure, highlighting of query 
terms and arnount of information) on users' performance and satisfaction. The results 
suggested that participants performed the task of finding relevant objects faster and 
were more satisfied with metadata surrogates that were structured (metadata elements 
were clustered or grouped into semantically relevant and labeled categories), 
highlighted the query terms iuline and presented metadata elements that were relevant 
to their task at hand. 
An examination of the type of content that should be included in the learning object 
metadata surrogates was investigated by the final two studies. The third study 
investigated students' perceptions of the importance of several metadata elements of 
the UK LOM Core for relevance judgment, while the fourth study was focused on the 
type of criteria users employed when they judged the relevance of learrung object 
metadata surrogates and learning objects. The results of these studies revealed that 
participants tended to evaluate the relevance of a learning object in terms of several 
criteria, including Topicality, Currency I Recency, Depth, Authority, Cost, 
lnteractivity, Scope, Resource type, Utility of data to the user, AjJectiveness, 
Specijiclty, Quality, Structure, Supportive I Assitive material, Learning objectives, 
Downloading time and characteristics. However, the mapping between relevance 
criteria and metadata elements showed that many of these criteria were not present in 
metadata surrogates (such as in the case of the MERLOT system) and major metadata 
schemes (such as UK LOM Core). 
Based on the findings of these four studies several recommendation were made for 
improving the presentation and the content of learning object metadata surrogates in 
search result interfaces. Some design recommendations included the presentation of 
the important metadata elements before the less important ones, the application of 
clustering and grouping of semantically related metadata elements within the 
surrogate, the highlighting of query terms and key metadata elements, the use of text 
instead of icons when presenting hyperlinks and the creation of a good contrast 
between text and background colour. In the case of the content of learning object 
metadata surrogates some recommendations were made for extending already existing 
schemes, such as UK LOM Core, with metadata elements that matched the relevance 
criteria students apply when judging the relevance of learning objects (including 
learning objectives, downloading time and characteristics, learning resource type, 
depth/scope and type of assistive learning material and quality). 
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Chapter 1 - Introduction 
After a query is executed in the search interface of an IR (Information Retrieval) system, 
the results retrieved, if any, are represented by a set of metadata surrogates in the search 
result interface. Metadata surrogates (or surrogates or metadata records) are 
representations of the contents and characteristics of information objects (such as books, 
web pages or pieces of software). For example, in the case of a database of academic e-
journals a metadata surrogate can describe several aspects of a published paper or a 
journal title including the title, creator, format, date, audience, publisher and subject. In 
other contexts, such as e-Ieaming, metadata surrogates can also include information about 
the use and pedagogical value of an educational resource. Based on these cues or 
metadata elements, web searchers (students, researchers or teachers) can make judgments 
about the relevance of the retrieved results to their information need (Borlund, 2003; 
Barry, 1998). According to Marchionini (2007) surrogates should facilitate sense making 
during the relevance judgment process and not act merely as information access points. 
The role of metadata surrogates in the context of information searching is not limited 
only to the support of the relevance judgment process. Other roles that metadata 
surrogates can serve include query refinement (Joho and Jose, 2008; Johnson, 2007) and 
relevance feedback (White et aI., 2005). However, this thesis is focused on the context of 
relevance judgment since this is an integral part of the information searching process and 
a prerequisite for other activities that can take place including query refinement and the 
use of relevance feedback mechanisms. 
So far, research in IR, information seeking and human computer interaction has 
investigated various factors affecting users' satisfaction and performance when 
interacting with the results presented in search result interfaces during the relevance 
judgment process. For example, several researchers have investigated the impact of the 
effectiveness of search results on users' performance and satisfaction (in terms of recall 
and precision) (AI-Maskari et aI., 2007; Turpin and Scholer, 2006); the impact of the 
utility of the results retrieved (Cooper, 1973; Saracevic et aI., 1988; Su, 2003; Iohnson et 
I 
Chapter I - Introduction 
aI., 2003); as well as the effects of different formats of presentation of the search results 
on user satisfaction and performance (such as list versus clustered and textual versus 
visual interfaces) (Hearst, 2006; Kules et aI., 2006; Sebrechts, et al. 1999). In addition, 
researchers in human computer interaction and cognitive science have applied 
computational models to evaluate user interactIon with search result interfaces 
(Information Foraging Theory) (Pirolli, 2007). Although these studies have provided 
useful insights about the evaluation of user interaction with search result interfaces, they 
were focused on the search result as a whole (macro-level) neglecting the impact of the 
contents and the presentation of these contents in the context of the individual metadata 
surrogate on Users' preferences, satisfaction and performance during the relevance 
judgment process (micro-level). 
The investigation of user interaction with the content and the presentation of the metadata 
surrogate c~ provide further insight concerning the process of relevance judgment. For 
example, researchers agree that apart from the effectiveness of the retrieval algorithms 
(that influence the sorting of metadata surrogates in the search result interface) or the 
utility of search results, both the presentation and the contents of the individual metadata 
surrogate can influence users' performance and satisfaction during the relevance 
judgment process (Balatsoukas et aI., 2009; 10ho and Hose, 2008). The examination of 
the effects of presentation and content, however, is still rare and focused on the metadata 
surrogates of web search engines rather than on the more structured metadata surrogates 
presented in query-driven IR systems (such as scholarly databases or learning object 
repositoriesILO Rs). 
In addition, the lack of integration of these aspects (i.e. content and presentation) in the 
investigation of user interaction with metadata surrogates limits the potential for an 
integrated evaluation framework. Such a framework should systematise the process of 
evaluating metadata surrogates and create a concept map of factors that affect user 
interaction. This could have implications in the evaluation and design of user-centred IR 
systems and search engines (in particular, the metadata surrogates in the search result 
interfaces of these systems). 
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The purpose of this thesis was to evaluate user interaction with learning object metadata 
surrogates presented in search result interfaces of IR systems used in e-learning, such as 
LORs and learning object metadata catalogues. Learning Object metadata surrogates 
challenge the design of search result interfaces and therefore user interaction with them 
both in terms of content and presentation. For example, the Learning object Metadata 
(LOM) standard (widely used for the description of learning objects) includes many 
metadata elements and semantics (approximately 80) that describe various aspects of 
learning objects. Many researchers and practitioners in the field of learning object 
metadata agree that metadata elements of LOM are characterised by semantic ambiguity 
and a lack of appropriate and user-centred vocabularies (Campbell, 2004b; Godby 2004). 
Similarly the number of metadata elements included in learning object metadata 
surrogates increases the complexity of their presentation in search result interfaces and in 
particular, their structure, sorting, highlighting, readability, amount of information and 
text length. Currently, research on learning object metadata is characterised by an interest 
in interoperability and standardisation issues (Sampson and Karampiperis, 2004) 
neglecting the human aspects of metadata implementation. In particular, there are no 
studies investigating university students' interaction with the metadata surrogates 
displayed in the search result interfaces of LORs, learning object metadata catalogues or 
other types of e-learning systems. 
Some benefits that these studies would provide for students include the optimisation of 
their performance (for example, the time needed to identifY relevant learning objects, or 
the accuracy of their relevance judgments) and the increase in their satisfaction when 
searching for relevant learning objects. This would be facilitated through the design of 
usable metadata surrogates in search result interface and the use of user-centred metadata 
content. Other implications of this type of research include the development of design 
recommendations for designers of IR systems and metadata professionals, as well as the 
creation of new knowledge concerning the relevance judgment process of students in 
higher education. 
3 
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Although researchers have investigated the impact of some characteristics of metadata 
surrogates on users' performance and satisfaction (see for example, Rele and Duchowski, 
2005; Granka, et al , 2004; Paek et aI, 2004; Drori, 2003; Fraser and Gluck, 1999) none 
of these studies has evaluated learning object metadata surrogates. Some limitations in 
these studies are related to the lack of a theoretical framework for the evaluation of user-
centred metadata surrogates in search result interfaces and the absence of a systematic 
investigation for both the content and the presentation of metadata surrogates in search 
result interfaces. Finally, previous models used for the evaluation of IR systems such as 
digital libraries and search engines (Tsakonas and Papatheodorou, 2006; lohnson et aI., 
2003; Su, 2003; Fuhr, et al. 2001) have focused on the evaluation of systems as a whole 
and do not provide the foundations for a more in-depth investigation of metadata 
surrogates (micro-level). 
1.1. Aim and objectives 
The aim of this study was to evaluate the way learning object metadata surrogates should 
be designed to meet the needs of university students in the United Kingdom when 
jUdging the relevance of learning objects. The specific objectives of this study were: 
1. To review the literature on learning object metadata and user-centred evaluation 
of metadata surrogates in the context of online information searching and retrieval 
(including user-centred relevance and usability research). 
2. To develop a framework for the evaluation of learning object metadata surrogates 
in search result interfaces. 
3. To investigate the usability of metadata surrogates in search result interfaces of 
LORs in terms of various presentation aspects (such as length, structure and use 
of graphics) as a means for facilitating the user relevance judgment process. 
4 
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4. To investigate in-depth the type of content that should be included in learning 
object metadata surrogates in order to facilitate the process of relevance judgment. 
5. To provide a set of recommendations - guidelines for improving the design of 
learning object metadata surrogates in search result interfaces both in terms of 
content and presentation. 
1.2. Structure of the thesis 
This thesis is structured as follows. Chapter 2 provides a literature review of learning 
object metadata and the evaluation of metadata surrogates in search result interfaces of 
various types of IR systems, including search engines, scholarly databases ,and LORs. 
Due to the lack of studies on the evaluation of learning object metadata surrogates, a 
decision was made to review relevant research in the field of IR evaluation. 
This review facilitated the development of a methodological frarnework for the 
evaluation of learning object metadata surrogates in terms of both presentation and 
content. This framework is introduced in Chapter 3. 
Chapters 4-11 present the methods used to address the objectives of this research (Section 
1.1.) and also the analysis of the data collected from their implementation. Chapters 4 and 
5 present the methodology and the analysis of a study that investigated the usability of 
learning object metadata surrogates displayed in the search result interface of three 
LORs. These were: the ARIADNE Knowledge Pool, JORUM and the MERLOT system. 
The findings of this study informed the design of a second usability study that examined 
the effects of highlighting, the structure and the amount of information of learning object 
metadata surrogates on users' performance and satisfaction. This usability test was 
facilitated through the development of a prototype learning object metadata catalogue, 
called META-LOR 2. The methodology and data analysis for this study are presented in 
Chapters 6 and 7. Chapters 8 - 11 are focused on the content of learning object metadata 
surrogates. Chapters 8 and 9 present the methodology and the analysis of the data of a 
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survey that investigated users' perceptions of the importance of several learning object 
metadata elements for relevance judgment, while Chapters 10 and 11 report on the 
methodology and analysis of a follow-up user study that examined the criteria and 
metadata elements used by university students when jUdging the relevance of learning 
objects and learning object metadata surrogates. 
A dIscussion of the findings of the various studies (Chapters 4 - 11) is presented in 
Chapter 12. Finally, some conclusions and recommendations for improving the design of 
learning object metadata surrogates in search result interfaces, in terms of both content 
and presentation, are provided in Chapter 13. 
6 
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The literature review Chapter serves three main purposes. The first attempts to propose a 
general model of user interaction with metadata surrogates in search result interfaces of 
IR systems (Section 2.1). The reasons for developing this general model were related to 
the absence of theoretical or conceptual models about user interaction with metadata 
surrogates and also the definition of the context of this research. The second purpose is 
related to the contextualization of the model of user interaction with metadata surrogates 
at the level of learning object metadata surrogates (see Section 2.2.). The purpose of this 
section is to familiarize the reader with the nature and context of learning object rnetadata 
(for example, metadata elements, surrogates and context of use, including leaming 
objects and LORs). The final purpose of the literature review involves the presentation 
and critical analysis of studies focused on the evaluation of learning object metadata 
surrogates in search result interfaces. It is worth mentioning however, that due to the lack 
of studies on the evaluation of the user-centeredness of learning object metadata 
surrogates, the literature review covered research on metadata surrogates in various types 
of IR systems and web-based search engines. This decision was based on the fact that 
these studies could provide useful input for the development of the evaluation framework 
(see Chapter 3), the design of the methodology (Chapters 4, 6, 8 and ID), and also the 
discussion of the main findings of the research (Chapter 12). 
2.1. Towards a model of user interaction with metadata surrogates 
2.1.1. Models of user interaction with IR systems 
An IR system stores, organizes and provides access to various types of information 
objects (for example, from data to collections of data and information objects at various 
granularity levels). There are many types of IR systems, including bibliographical 
systems (such as library online public access catalogslOPACs), database management 
systems, scholarly databases, portals, web search engines, LORs, institutional 
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repositories, digital' libraries and knowledge management systems. Although these 
systems may vary in terms of technical infrastructure, context of application, business 
models, subject coverage and interactivity type, they all share in common the main 
functionality of an IR system that is the storage, organization and dissemination of data 
and information (Baeza-Yates and Ribeiro-Neto, 1999). The purpose of an IR system is 
to provide users with relevant information l . In order to achieve this objective an IR 
system includes several interdependent components. These include the databases of 
content (content may be deposited in a single server or reside in several distributed 
locations), the index (this provides information normalization2 and a logical organization 
of the content, such as through the use of inverted indexes), the IR language or model 
(such as Boolean model, vector model or probabilistic model\ as well as the search and 
search result interface (the first provides the opportunity for a user to formulate and 
submit a query, while the later presents the results of the query according to the IR 
model's ranking algorithm (Baez-Yates and Ribeiro-Neto, 1999). 
Searching for information in an IR system can involve both browsing and querying. 
Browsing involves the selection of relevant terms from hierarchical subject lists and this 
way of searching is common in visual IR systems or textual subject guides (such as 
Yaho04). In the case of query-driven IR systems, however, the search process involves 
query formulation. Query fonnulation can vary from simple keyword searching to 
advanced search strategies (for example, through the use of Boolean operators, 
truncations and filtering of results by field type). This PhD thesis is focused on query-
driven IR systems. As opposed to browsing systems, query-driven IR systems make use 
of metadata to retrieve and present the results in search result interfaces. 
User interaction with the IR system (i.e. query-driven IR systems) takes place at the 
surface or interface level (i.e. search and search result interface) (Saracevic, 1997). Many 
1 For a detailed diSCUSSion of relevance as an evaluation measure see secbon 2 3. 
2 In the case of text, normalization (or text operation) usually involves the execution of stemming 
algOrithms as well as stop-word functions These algonthms Index the vanous words of the 
documents at the grammatical root level, they eliminate articles and connectives and concentrate 
on the Identification of groups of nouns (Baeza-Yates and Rlbelro-Neto, 1999). 
3 For a review of the IR algOrithms see (Baeza-Yates and Rlbelro-Net, 1999) 
• http I/uk yahoo com/?p=us 
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infonnation and computer scientists tried to conceptualise the nature of user interaction 
with the IR system by proposing several models. This section makes use of some of these 
models in order to provide background infonnation and context for modeling user 
interaction with metadata surrogates in search result interfaces (see Section 2.1.3). For 
example, in the stratified model (Saracevic, 1997), the user interaction with the IR system 
is defined by a set of strata or levels. There are strata related to the IR system (such as 
hardware, processing capacity, infonnation processing algorithms and content) and the 
user (such as task or infonnation problem at hand, affective and cognitive characteristics 
and query or search strategy). Both the user- and IR-defined strata interact at the interface 
level. The state of each stratum can be affected by or affect the interaction process. For 
example, the results obtained from a query can alter users' conceptualisation of the task at 
hand. 
The principle of poly-representation can extend our understanding of the stratified model. 
Ingwersen (1996) argued that user interaction with an IR system is based on variability. 
For example, users may use different types of vocabularies to perform a search (such as 
controlled vocabulary and natural language ), or require different levels of presentation of 
the results retrieved (such as visual or textual fonnats). In order to address this variabihty, 
IR systems should employ different IR techniques or interface designs in order to 
accommodate the multiplicity of cognitive and affective user characteristics as well as the 
tasks at hand. 
Although the stratified model and the principle of poly-representaton provide a 
framework of the user factors and system components that participate in IR interaction, 
they do not attempt to describe the various steps of this interaction. Several models have 
attempted to describe user interaction with IR systems as a set of actions or activities. For 
example, Marchionini's model (Marchionini, 1995) included eight main steps of user 
interaction. These were: 
1. Recognize the existence of a problem. 
2. Problem definition. 
9 
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3. Source selection. 
4. Query formulation. 
5. Query execution. 
6. Feedback and result examination. 
7. Information extraction (for example, copying or printing citations). 
8. Reflection and decision making about whether to end or continue the search. 
Shneiderman et al (1997; see also Shneiderman and Plaisant, 2004) proposed a more 
compact four-phase framework for user interaction with textual IR systems. The four 
phases of the framework are: 
1. Formulation of the search, including: selection of databases and fields to be 
searched; query formulation; and use of variants (such as, truncation and 
stemming). 
2. Action (for example, initiating a search). 
3. Review of results (for example, judging the relevance of the results retrieved 
based on the metadata information displayed). 
4. Refinement (for example, reformulation of the initial query and use of 
relevance feedback mechanisms). 
In both cases, the user interaction with the IR system is not an one-way stepwise and 
linear process, but an iterative and reflective process. For example, Marchionini's step 6 
(result examination) can lead back to step 4 (query formulation) or to step 2 (problem 
definition). Therefore, the model is populated by recursive transitions or iterations. The 
notion of iteration has been highlighted in several models, such as the Berrypicking 
model (Bates, 1998) and the model of successive searches (Spink, 2002; Spink et aI., 
2002). The Berypicking model challenged the notion that user interaction with an IR 
system is static and proposed that searching is an evolving process that follows a 
Berypicking pattern (Le. selective accumulation of relevant information from several 
sources or searches) (Bates, 1998). Similarly, successive searching can be thought of as 
10 
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the effect of the search process on a constantly changing broad information problem and 
vice versa (Spink, et aI., 2002). 
In addition to these models, Belkin proposed a more prescriptive model of user 
interaction with IR systems. An advantage of this model resides in the fact that it 
identifies a multiplicity of user actions ranging from querying the index of an IR system, 
browsing a thesaurus or set of results and evaluating documents or metadata information 
in order to judge relevance. The initial conception of this model was based on 16 
prescriptive Information Seeking Strategies (ISS)5 that could be used to guide and 
facilitate user interaction with IR systems through the use of dialogue scripts (Belkin et 
ai, 1995). The updated version of this model (Cool and Belkin, 2002) included more ISS 
strategies that were derived from five dimensions of user interaction with IR systems, 
including communication behaviour (medium, mode and mapping), information 
behaviour (such as access or evaluate), objects interacted with (information objects or 
meta-information), common dimensions of interaction (information object, systematicity 
and degree) and interaction criteria. The ISS model is further discussed in Section 2.1.3. 
From the models identified above, steps 6, 7 and 8 of Marchionini's model and step 3 of 
Sheiderman et ai's model are more relevant to user interaction with the metadata 
surrogates. During these steps, the user can judge the relevance and manipulate the results 
retrieved. Furthermore, based on the evaluation of the results retrieved the users can 
refine the initial query (for example, through the addition of new terms) or even alter 
their information problem (as an effect of the interplay between user and system strata), 
thus producing new searches that can take place in the context of a continuously evolving 
search process. Although the evaluation or inspection of the retrieved results forms an 
important part of the search process, none of the models described above provided an 
explicit framework or model of user interaction with search result interfaces and the 
metadata surrogates in particular. It is anticipated that such a model could define the 
5 Although the term Includes the word 'Seeking' It does not apply to Information seeking 
srtuatlons A better phrasing would be "Information Searching Strategies' that applies to 
Interactive information retrieval rather than the broader information seeking process 
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context for the evaluation of metadata surrogates in search result interfaces of query-
driven IR systems. 
2.1.2. Defining metadata and metadata surrogates 
In the Oxford English Dictionary (2008) a 'surrogate' is defined as "a person or a thing 
that acts for or takes the place of another". The term metadata has been widely defined in 
the literature as 'data about data', meta-information' or 'information about information'. 
Greenberg (2005) proposed a more analytical definition of metadata as "structured [or 
unstructured] data about an object that supports functions associated WIth the deSIgnated 
object". An object can be any type of resource such as textual, graphical or audiovisual, 
in digital or physical format, and also events, people, activities or anything for which 
there is a legitimate interest to be referenced (Greenberg, 2005). Therefore, a metadata 
surrogate is a substitute for an information object that contains data describing it in terms 
of several aspects, such as the title, creator, date of publication or audience. Metadata 
surrogates can support several functions including the search for information according to 
specified criteria (such as title, author or date), the evaluation and relevance judgment of 
the retrieved results, the management and preservation of information objects as well as 
the personalised delivery of information based on the match between metadata describing 
people (users) and information (content). 
This research is focused on the metadata surrogates displayed in search result interfaces 
after a search for an information object has been performed. In this case the results 
retrieved are displayed as a linear or clustered list of metadata surrogates that describe the 
content and other characteristics of an information object. In most cases there is a link in 
the surrogate that connects it to the described information object. Previous studies have 
shown that the lack of sufficient information in metadata surrogates can have an impact 
on the accuracy of users' relevance judgments. For example, in the context of web search 
engines, Drori (2000; 2003) found that participants were more confident with the 
accuracy of their relevance judgments when they interacted with metadata surrogates that 
12 
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included contextual sentences (Le. sentences with query terms inline), subject categories 
and keywords rather than with surrogates that lacked this type of information. Other 
researchers found that the inclusion of both text and thumbnail images increased the 
amount of accurate relevance judgments when compared to surrogates that included text 
or thumbnail images only (Joho and Jose, 2006; 2008). 
The bIbliographic records displayed in online catalogues constitute a form of metadata 
surrogates used to describe library holdings (such as, books, journals, conference 
proceedings or cd-roms). The term 'metadata surrogate' or 'surrogate', however, is more 
frequently used for the description of digital information that can be made available in the 
web through the use of different types of information systems, such as search engines, IR 
systems and digital libraries (Zeng and Qin, 2008). Typical examples of metadata 
surrogates include the lists of retrieved results, of many web search engines, like the 
, 
Google search engine, that display the title, few sentences (with the query terms in line) 
and the URL of the webpage, or the metadata surrogates of IR systems (such as digital 
libraries or LORs) that display more complex metadata surrogates which include a large 
amount of metadata describing the various characteristics of an information object and 
provide the opportunity for users to alter their presentation and sort the results retrieved 
according to specific criteria (for example, by date or relevance). Also, in many cases 
textual metadata surrogates can be accompanied by graphics or visual aids for users to 
judge relevance, such as screenshots, tilebars, relevance indicators as well as by added 
functionality such as the opportunity to copy, save or print a metadata surrogate or even 
select a particular metadata surrogate for relevance feedback. These metadata surrogates 
can be produced automatically (such as, in the case of the Google search engine), based 
on human intervention (such as in the case of many structured IR systems) or even 
through the use of semi automatic methods (for example through the use of text 
summarisation, text analysis techniques and auto-generated metadata methods). 
Another distinction of metadata surrogates is based on their level of stability. Metadata 
surrogates can be either static, dynamic or both (Le. surrogates that include both static 
and dynamic components) (Manning et aI., 2008). Static surrogates present a static set of 
13 
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metadata elements usually defined by human catalogers. In this case, although users, user 
information needs and user queries dynamically change, the metadata surrogates 
presented in the search result interface contain always the same content (Le. metadata 
_ element). Usually, this happens because the retrieval is performed against a static set of 
metadata records stored in a database rather than the full-text of the document. Dynamic 
surrogates can be adaptable to query changes and present users with passages from the 
full text of an information object that may be relevant to different queries. In this case the 
selection of text passages is based on the query terms. Several methods, based on text 
summarization and natural language processing (NLP), have been proposed for the 
creation of dynamic surrogates from the contents of documents including keywords in 
context (Manning et aI., 2008) and Top Ranking Sentences (TRS) (Joho and Jose, 2008; 
White et aI., 2005). The presentation of dynamic surrogates is common in web search 
engines (such as Google), while the display of static surrogates is used often in the case 
of metadata-driven IR system (such as scholarly databases or LORs). Although research 
on text summarization and natural language processing has investigated the effectiveness 
of different text summarization techniques, the display of static metadata surrogates has 
not been investigated in-depth. 
So far, the discussion of metadata surrogates has assumed that they are presented in 
textual form. Although textual or hybrid (text + graphics) metadata surrogates constitute 
the dominant paradigm of user interaction in search result interfaces of query driven IR 
systems, there are many other types of surrogates that do not use textual metadata 
elements. These include visual surrogates, video surrogates or audio surrogates. For 
example, visualisation techniques are now extensively applied as a substitute to textual 
metadata information (Sebrechts et aI., 1999; Probets, 2002; Green et aI., 2000). The 
search engine Kartoo applies a visual search result interface that follows a clustered 
structure in order to present search results. Another example, in the context of LORs is 
the ARIADNE knowledge pool system that applies a similar approach as an alternative 
way to present search results. Furthermore, the Open Video project is an initiative 
developed by the Interaction Design Laboratory of the University of North Carolina and 
provides access to video material. The search result interface of the Open Video project 
14 
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involved experimentation with different displays of video and audio surrogates such as 
storyboards, fast forward, slide show with audio or storyboards with audio (Song and 
Marchionini, 2007). 
Although there are many types of surrogates (a detailed discussion of them is out of the 
scope of this thesis) this study focuses on static textual metadata surrogates and in 
particular those surrogates presented in the search result interfaces of educational query-
driven IR systems (such as educational digital libraries, LORs and learning object 
metadata catalogs). As it is indicated in the Chapter 1 the focus of this thesis on the 
learning object metadata surrogates presented in search result interfaces was based on the 
fact that they exhibit some new features in the design of search result interfaces, such as 
the increased number and complexity of metadata elements per surrogate (semantics) as 
well as the different types and degrees of organization and presentation of these elements 
in the surrogates. Therefore, it is worth investigating how textual learning object 
metadata surrogates should be both designed and improved in order to meet user needs 
and improve the effectiveness of the relevance judgment process. 
2.1.3. A model of user interaction with metadata surrogates 
Typical user interaction with metadata surrogates in search result interfaces is presented 
in Figure 2.1. Although there are many models that document the searching behaviour of 
users and their interaction with IR systems, such as the stratified model (Saracevic, 
1997), the poly-representation principle (Ingwersen, 1996), the 8errypicking model 
(Bates, 1998) or the model of successive searches (Spink et aI., 1998) (see Section 2.1.1), 
these do not focus on specific components or episodes of users' interaction with an IR 
system and with metadata surrogates in particular. In addition, these models are useful for 
modeling user interaction but they do not provide a framework for evaluating it (for 
example, by proposing evaluation variables and methods). As opposed to these models, 
the 'episode' model (Belkin et al 1995; Cool and 8elkin, 2002) decomposed the user 
interaction with the information retrieval system in a set of 'prototypical interactions' or 
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'Information Seeking Strategies (ISS)" including user interaction with metadata. 
Although, the purpose of the episode model was the prescriptive modeling of user 
interaction, the aim of this section is to propose a general framework of user interaction 
with metadata surrogates in query-driven IR systems. The model of user interaction 
presented in Figure 2.1 adopts a general and non-prescriptive approach to user interaction 
with metadata surrogates in query driven IR systems and defines the broader context 
within which the evaluation framework introduced in Section 3.4 is based. Since this is a 
developing area of research, it can be assumed that a broader model or meta-model of 
user interaction can better serve the needs of a general evaluation framework rather than a 
more prescriptive one. Such an evaluation framework should be applicable in several 
"prototypical interactions" with metadata surrogates, such as those proposed by Belkin et 
al (1995) and Cool and Belkin (2002) and not be limited to specific ones. In addition, 
Belkin's episode model does not present the factors affecting user interaction with 
metadata surrogates and does not specify the nature of metadata (for example, in Belkin's 
model the term metadata or meta-information is applied to surrogates in query-driven 
search result interfaces as well as to other types such as structured vocabularies used for 
browsing, including thesauri and classification systems). 
The interaction framework proposed in Figure 2.1 addresses these limitations. This is 
achieved, firstly, by defining the context within which the interaction occurs (this context 
is outlined by the four phase interface design framework proposed by Shneiderman et ai., 
1997), secondly by specifying the nature of metadata surrogates in query driven IR 
systems (overview and preview) (Green et ai., 2000), and thirdly by introducing the 
concept of Meta-level usability of metadata surrogates (this concept represents the 
presentation and content factors affectmg user interaction) (Fraser and Gluck, 1999). 
These are discussed in more detail in the remainder of this section and have been used to 
develop the evaluation framework presented in Chapter 3. 
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Figure 2.1. The user interaction with metadata surrogates. 
Shneiderman et al ( 1997) proposed a user interface four-phase framework for searching 
textual databases. The four phases of the framework, wh ich were introduced in Section 
2.1.1 , include: the formulation of the search query, the initiation of the search, the review 
of the resu lts retrieved, and the refinement of the initial query. This four-phase 
framework is quite similar to other frameworks proposed in interactive information 
searching research, such as: 'define problem' , ' se lect source', ' formu late query ', 'execute 
query ', ' exam ine results ', 'extract information ' and 'reflect/stop' (Marchion ini , 1995). 
For the four-phase framework, Shneiderman et al (1997) defined a variety of interface 
design issues that should be taken into account for improving the usabi lity of IR systems. 
These included: the provision of a list of data bases for users to choose from; the 
opportunity for users to limit their searches based on speci fic fields (for example, author, 
title subject and date); the provision of information to users about the search and retrieval 
behaviour of the system (such as, case sensitiv ity, stemming, partia l match, phonetic 
variants, synonyms, broader-narrower terms, abbreviation and use of natural language); 
the increase of user control over actions (for example, prov iding users the opportunity to 
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stop, run or re-run a search); the application of visualisation techniques for representing 
the results to users; the manipulation of the results according to users' needs (such as, 
allowing users to specify the size of the results per page, the number and the type of 
fields included in the results, as well as the ordering and the sequence of the results); and 
finally, the use of relevance feedback mechanisms. 
User interaction with metadata surrogates is included in the third phase ofShneiderman et 
ai's framework. During this phase, a user performs the critical cognitive process of 
judging the relevance of the results retrieved. Decision making regarding the usefulness 
of the results includes the termination of the search, access to the full-text of the resource 
selected, refinement of the research and manipulation of the results retrieved, such as 
saving, printing or e-mailing the result set or a specific metadata surrogate (Borgman, 
2003; Marchionini, 1995; Shneiderman et aI., 1997). These user tasks or problem solving 
decisions are influenced by users' "conceptual knowledge of the searching process" 
(Borgman, 2003). Borgman argued that a user's "conceptual knowledge of the searching 
process" depends on the degree of clarity of the problem (for example, ill defined versus 
well defined information needs), the user's familiarisation with the subject domain, and 
the user's knowledge and expertise with the system in use. While the clarity or precision 
of the information need and the familiarisation with the subject are properties intrinsic to 
a user, a user's familiarisation with a particular system depends on the matching or 
mapping between the user's and the designer's mental models of the system (Norman, 
2002) or the user's syntactic and semantic knowledge of the system (Shneiderman and 
Plaisant, 2004). Thus, building systems with usability in mind is an Important predicate 
for engaging users and for increasing their satisfaction of the system. 
The application of usability heuristics, such as appropriate display and control 
mechanisms, user-centred terminology, simple, aesthetic and consistent design and error 
prevention mechanisms' can enhance users' ability when reviewing and evaluating the 
results of a search (Fraser and Gluck, 1999; Nielsen, 2002; Shneiderman and Plaisant, 
2004). For example, the way metadata elements are ordered or structured within each 
surrogate can vary from system to system, including list, tabular or clustered formats 
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(Rele and Duchowski, 2005; Resnick et aI., 2001; Granka et aI., 2004). Furthermore, 
added functionality can transform metadata surrogates into more interactive interfaces, 
providing users the opportunity to sort (by relevance, title or date of publication), print, 
save or e-mail metadata surrogates, accessldownload the full text document or retrieve 
other related resources through the use of hyperlinks. These issues, such as, the structure, 
interface layout and interactivity of metadata surrogates, have been characterised by 
Fraser and Gluck (1999) as the meta-level usability of metadata surrogates. Although the 
term was used in a study focused on the usability of metadata in Geographical 
Information Systems (GIS), in the context of this thesis the term has a broader application 
context and includes aspects related both to the presentation and the content of textual 
metadata surrogates. Content refers to the level of usefulness of metadata elements for 
relevance judgment. 
Finally, the meta-Ievel usabIlity of metadata surrogates can be applied at the dual level of 
the overview and preview search result interfaces. Both terms were coined by Green et al. 
(2000) who used them in the context of visual search result interfaces. The terms are used 
here in the context of textual information representation to denote two different states of a 
metadata surrogate. Firstly, an "overview" interface represents the list of metadata 
surrogates retrieved after a search has been performed (Figure 2.2). In this case all 
metadata surrogates retrieved are aggregated and presented either in an alphabetical, 
chronological or ranked order and are characterised by the presence of a few metadata 
elements per surrogate. This is similar to the search result interface of many Web search 
engines. Secondly, in many IR systems, each metadata surrogate presented in the 
'overview' interface has a corresponding metadata "preview" interface where the full 
details of the metadata surrogate are presented (Figure 2.3). 
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2.2. Learning object metadata: standards, uses and surrogates 
Before introducing the concepts of learning object metadata (Section 2.2.3) and learning 
object metadata surrogates (Section 2.2.4), it is worth defining first the context within 
which these concepts occur. This context includes two interdependent technologies: 
learning objects (Section 2.2.1) and LORs (Section 2.2.2). 
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2.2.1. Learning objects: a definition 
Two v.:idely used definitions for the concept of the learning object have been proposed by 
Wiley (2000) and the IEEE LTSC (2002). Wiley defined a learning object as "any digital 
resource that can be reused to support learning" (Wiley, 2000). This definition includes 
any information source available' on the internet either small (such as digital images, 
photos, small bits of texts) or large (e,g, web pages). Following a similar approach, the 
IEEE L TSC defined a learning object as "any entity - digital or non digital- that may be 
used for learning, educatIon, training" (IEEE L TSC, 2002). 
Both definitions are very broad. For example, the definition provided by the IEEE LTSC 
(2002) is broad enough to classify non-digital objects (even people) as learning objects. 
Wiley's definition, although still broad, excludes non-digital objects from the definition 
and uses the concept of reusability as an identifiable characteristic of a learning object. A 
similar critique has been also provided by Polsani (2003). Polsani further mentioned that 
these definitions did not clarify the notion of learning intent and reusability, two 
fundamental predicates of the learning object. Polsani (2003) argued that a learning 
object intended for learning should be incorporated into an instructional context or 
environment (Le. be incorporated into alorm) and should communicate a message to the 
learner (Le. create a relatIOn between its contents and the learners). In addition, a learning 
object should be reusable in different instructional contexts. The reuse oflearning objects 
can be accomplished through the practice of separation of content from structure and 
presentation (Low and Duncan, 2002). In particular, a learning object in order to be re-
usable its creation should be independent from its potential instructional context of use 
(polsani, 2003). Based on this, Polsani defined a learning object as "an independent and 
self-standing unit of learning content that is predisposed to reuse in multiple instructional 
contexts". Polsani's definition is shaped around general principles that govern the 
learning object concept, such as reusability, learning intent and context-independence. 
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Other researchers have tried to approach the concept of a learning object from 
instructional design theory. Metros (2005) argued that a learning object, "must include or 
link to: 1. a learning objective; 2. a practice activity, and 3. an assessment". A similar 
definition has been provided by Mortimer (2002), who argues that a learning object 
should include metadata, a learning objective, the actual content as well as activities and 
assessment that support the specified objective. Finally, Macromedia MX suggests that 
the main components of a learning object should include the existence of content, 
metadata and interoperabiIity mechanisms that facilitate its exchangeability across 
authoring tools and Virtual Learning Environments (VLEs) (Heins and Hilmes, 2002). 
Finally, Currier and Campbell (2005) argued that the existence of a learning objective 
and instructional design principles differentiate learning objects from information sources 
and traditional e-Iearning resources. 
In the context of this thesis a learning object is approached broadly from a "relativist 
perspective" (Balatsoukas et aI., 2008) which suggests that a learning object has not a 
defined reusability level and it can be defined as any type of digital information object, 
lesson plan, course or module that is made available online through a learning object 
repository for teaching and learning. For an in-depth review of the concept of a learning 
object see Balatsoukas et al (2008). This broad definition provides a pragmatic view of 
the nature of learning objects included in current LORs. 
2.2.2. Learning object repositories (LORs): a definition 
Downes (2003) identified two types of LORs: those containing both the learning objects 
and the metadata, and those containing metadata only (also known as learning object 
metadata catalogues). Repositories provide a useful mechanism for searching, identifying 
and retrieving learning objects based on their metadata. Many freely available LORs, 
such as the MERLOT system, provide both teachers and students with the opportunity to 
retrieve and submit learning objects. LORs are a significant component of a Virtual 
Learning Environment (VLE) system or a Learning Content Management System 
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(LCMS). The term 'Learning Content Management System (LCMS), is frequently used 
to denote the kind of systems involved in the creation and management of learning 
objects). A typical LCMS contains four essential features or sub-systems: 1. an authoring 
tool (responsible for creating learning objects, retrieving existing learning objects from a 
repository, aggregating and sequencing learning objects into course packages); 2. a LOR, 
where both learning objects and metadata are stored; 3. administrational or workflow 
management tools; and finally, 4. a content delivery system or delivery interface 
(Downes, 2003; Mortimer, 2002). LORs, however, can also exist independent from a 
VLE or LCMS (such as the MERLOT system or the ARlADNE Knowledge Pool). There 
are many exarnples of freely available LORs in the WWW, such as MERLOT, the 
ARlADNE Knowledge Pool, the CLOE system, the Connexions project and MIT's open 
courseware prograrn). 
In the UK HE and FE sectors, the creation of LORs is centralised (Heery & Anderson, 
2005). For example, JORUM is a cross-institutional LOR that serves the needs of HE and 
FE Institutes in the UK. Teachers from various institutions can create learning objects 
locally and upload them to the JORUM repository. For exarnple, the projects funded 
under the X4L JISC Prograrnme created a total of 585 learning objects that were 
deposited in the JORUM repository (Heery & Anderson, 2005). Besides the JORUM 
repository, other examples of LORs are the LORE at Edinburgh University, the Scottish 
High Level Skill for Industry project and the Laulima digital library system developed at 
the University of Strathclyde. As opposed to JORUM, however, these repositories do not 
serve cross institutional and cross disciplinary needs. 
2.2.3. Learning object metadata 
As stated previously, the term metadata has been widely defined in the literature as 'data 
about data' or 'information about information'. Such definitions, however, have been 
criticised as either "oversimplifications" or "ambiguous" representations of metadata 
(Sicilia, 2006a; Sicilia, 2006b; Greenberg, 2005; Hillman, 2005). Greenberg (2005) 
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proposed a more analytical definition of metadata as "structured data about an object that 
supports functions associated with the designated object". Greenberg's (2005) definition 
contains three key components: 1. structured data; 2. the objects described; and 3. the 
functions supported by metadata. 
Usually, metadata that derives from a metadata standard, schema, or an application 
profile is structured, i.e. ordered. The level of structure may vary across heterogeneous 
metadata standards. For example, the Dublin Core Metadata Element Set (DCMES), 
v.I.1 (DCMI, 2004) is characterised by low level of structure, while the IEEE L TSC 
LOM standard (2002) is a highly structured metadata standard, following a parent-child 
relation between its metadata elements. In addition, structured metadata follow a 
property-value relation in order to describe a characteristic of an object. For example, the 
XML metadata statement: <title> Introduction to learning object metadata <Itztle>, is a 
typical example of a property-value relation that describes a fictitious digital document 
with the title 'Introduction to learning object metadata '. 
A second aspect of Greenberg's definition is that metadata is used to describe objects. 
Greenberg used the term object to denote a wide variety of information objects (for 
example, textual, graphical, audiovisual resources) as well as events, people, activities or 
anything that there is a legitimated interest to be referenced (Greenberg, 2005). There is a 
debate as to what kind of objects metadata can or should describe. This debate can be 
traced back in 1995 during the first metadata Workshop held in Dublin, Ohio when the 
term DLO (document like object) was first coined for denoting the kind of documents 
that can be described by metadata (Weibel et aI., 1995). The term, however, was not 
explicitly defined and since then has frequently hosted different interpretations such as 
the description of textual-based documents only, both textual and graphical documents, 
digital documents only, both digital and non-digital documents (Caplan and Guenther, 
1996). The approach adopted by Greenberg (2005), however, although generic, is more 
pragmatic and more representative of the pluralistic information environment that needs 
to be described and which is not restricted solely to textual documents but includes also 
artefacts, events, activities and people. 
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By limiting Greenberg's definition of metadata as 'structured data for the description of 
objects' an emphasis is placed solely on its referential rather than its purposeful role 
(Sicilia, 2006a). Sicilia supported that metadata is both referential and purposeful. 
Metadata can be characterised as referential as it describes a resource, and purposeful as 
it can support various objectives or functions including "information retrieval, intellectual 
property management, preservation, database structure and management" (Sicilia, 
2006a). The purposeful role of metadata is expressed in the third component of 
Greenberg's (2005) definition of metadata, according to which metadata "supports 
functions associated to the designated object". Other authors such as Sampson et al 
(2002, p.99) identified the following main functions of metadata: 
• To support users to search for and evaluate the relevance of digital information; 
• To provide a standardised and structured way for describing resources; 
• To facilitate sharing and exchange of metadata records between heterogeneous 
metadata management systems; 
• To support cost efficient maintenance of and access to digital information; and 
• To support personalised information retrieval. 
The various functions that metadata can support in relation to an object can be facilitated 
by various types of metadata. Some of the ~ost important metadata types as documented 
in the relevant literature include: descriptive metadata (for facilitating information 
retrieval and resource discovery), preservation metadata (responsIble for documenting the 
preservation needs of documents), administrative metadata (that facilitate better 
management of metadata databases), technical metadata (that support technical 
requirements related to an object, for example in the case of a digital object technical 
metadata may include the size in terms of bits or the need for rendering mechanisms), 
access and rights management metadata (that regulate in a prescriptive or informative 
form the conditions of use of and access to a digital object), educational metadata (that 
document aspects related to the educational value and educational context of use of an 
educational resource or learning object), subject metadata (that identify the subject or 
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classification of an object) and meta-metadata (that is metadata used for documenting a 
metadata record itself). This categorisation of metadata, however, is not explicit and 
different categorisations have been identified elsewhere (Gilliland-Swetland, 2000; 
Greenberg, 2001). One of the most widely used categorisations of metadata types has 
been proposed by the Library of Congress for its Digital Repository development project 
(2002). In this project three types of metadata were identified: descriptive, technical and 
administrative. The same categorisation has been proposed also by NISO (2004) and 
Taylor (2003). This compound categorisation of metadata, however, is simplistic and 
needs to be updated in order to accommodate other typ~s of metadata as well like 
educational metadata. 
, 2.2.3.1. Learning object metadata: a definition 
There is no formal definition of learning object metadata or metadata for learning objects. 
Some authors, however, such as Karampiperis and Sampson (2003) and Sampson et al 
(2002) argue that metadata for learning objects should support the retrieval of learning 
objects "in an educationally efficient and effective way". Based on Sicilia's (2006a) dual 
role of metadata as referential and purposeful, it can be assumed that educational 
efficiency should guide the referential function of learning object metadata (for exarnple, 
efficiency in terms of cost, time and human as well as technical infrastructure employed 
for the description [or referencing] of learning objects), while educational effectiveness 
should guide the purposeful and functional role of metadata (for example, for searching, 
evaluating, accessing, preserving and using learning objects). By associating this 
assumption to the general definition of metadata used by Greenberg (2005) a new 
definition for learning object metadata can be declared (Morris et aI., 2007): 
Metadata used for the efficient description of learning objects and 
the effective support of educational functions related to the 
described learning objects 
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Many terms have been occasionally used interchangeably for representing metadata for 
learning objects, such as learning resource metadata, learning object metadata and 
educational metadata. Unlike the broad term learning resource metadata that covers the 
description of all resources used for learning and teaching and the narrower term 
educational metadata that refers solely to the educational characteristics of a learning 
object, the term learning object metadata has been chosen as the most appropriate for this 
study as it refers to the whole spectrum of metadata types that can be used for the 
description of learning objects. It is worth mentioning, however, that the lowercase term 
learning object metadata should not be mistaken with the uppercase 'Learning Object 
Metadata' (LOM) used by the IEEE LTSC (Learning Technology Standards Committee) 
(2002). 
2.2.3.2. Learning object metadata standards and schemas. 
Learning object metadata standardisation bodies 
Key players in the standardisation process of metadata for learning objects include: 
• The ISO (International Organisation for Standardisation) that is responsible for 
the standardisation ofLOM and DCMES. The standards were developed by IEEE 
LTSC (Learning Technology Standards Committee) and DCMI (Dublin Core 
Metadata Initiative) respectively; 
• The CENIISSSILTWS (European Center of Standards / Information Society 
Standardisation System / Learning Technologies Workshop) that focuses on the 
internationalisation, localisation and promotion of the LOM specification across 
European countries (Duval, 2001; Metadata Watch Report, 2000l 
• The ISO/IEC JTCI SC36 Information Technology for Learning, Education and 
Training (ITLET) is responsible for promoting standardisation related to the use 
6 Current work undertaken by CEN/ISSS/L iWS Includes the provIsion of Information related to e-
learning through the 'Learning Technology Standards Observatory', development of e-Ieamlng 
metadata and metadata vocabulary registries, as well as the maintenance of translations of LOM 
In variOus languages Including Greek, Italian, Spanish, Finnish and Dutch (CEN Leamlng 
Technologies Workshop, 2006) 
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of ICT in leaming environments, including vocabularies and ontologies, system 
architectures, leaming content, leaming management systems, collaborative 
leaming technologies and assessment (ISOIIEC JTSCl SC36,2006)7. 
• Finally, the ISOIIEC Joint technical committee SC32 WG2 focuses on the 
development of metadata technology standards (SC32 WG2 Metadata Standards 
Home Page, 2006). 
Standards, schemas and application profiles 
For the last five years the interest in learning object metadata implementation and 
development has been monopolised by two standards: the Dublin Core Metadata Element 
Set (DCMES) and the LOM standard. There is much debate regarding the complementary 
or competitive relationship between the two standards. For example, although LOM has 
been developed for addressing the needs of storing and retrieving leaming objects and 
educational resources, its use has also included the description of more general 
information resources used for teaching and leaming. However, the less specific DCMES 
has been tailored to cover more specific needs for the description of educational sources 
as well (Metadata watch report #1, 2000). This 'metadata paradox' cultivated much 
anxiety regarding which standard ultimately would dominate in the education and 
training sector. This concern was reflected in the first 'Metadata watch report' published 
by the PriceWaterHouseCoopers in 2000: 
"All in all, the most pressing issue for these two organisations 
[DCMI and IEEE LTSC] is to convince the field of education and 
training that IEEE LTSC LOM and DC-Education will not fight 
for world dommation" 
(Metadata watch report #1, 2000, p.23) 
7 In ISOIIEC JTSC 1 standardisation work progresses through seven 'Working Groups' IY'JG) that 
address different aspects of learmng technology standardisation The 'WG4 DelIVery and 
Management' IS of most Importance to metadata as It IS Involved With Issues related to the 
binding of data models, metadata for learning resources and extenSibility of application profiles 
(ISOIIEC JTC1 SC36 WG4 Home Page, 2005) 
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This issue was settled one year later in a meeting that took place in Ottawa, Canada in 
August 2001 between DCMI and IEEE LTSC community representatives. The meeting 
resulted in a common agreement that ratified the complementary rather than competitive 
relationship between the two standards (Duval, 2001). Currently, work in progress 
investigates ways for improving interoperability between these two standards (Currier, 
2008). 
Dublin Core Metadata Element Set 
The creation of the Dublin Core Metadata Element Set (DCMES or DC) served the need 
for simplicity in the cataloguing process by defining a core set of metadata elements that 
the authors or publishers of electronic information could use to describe Internet 
resources (Weibel et aI., 1995). The proponents of the DC anticipated that its use would 
enhance the automatic indexing of electronic information by the various search engines in 
the web and improve the retrieval and discovery of relevant sources (Hillmann, 2005; 
Weibel and Lagoze, 1997). 
The Dublin Core Metadata Element Set is currently maintained, updated and further 
developed by the Dublin Core Metadata Initiative (DCMI). The DCMI community is 
organised around working groups that focus on specific aspects of the DC metadata 
implementation, e.g. Accessibility working group, Standards working group, Agents 
working group, Architecture working group, Tools working group, Educational working 
group (DCMI Working Groups, 2006). 
Hillman (2005) reported that the DCMES constitutes two levels: 1. the simple DCMES 
and 2. the Qualified DCMES. The former represents the basic version of the DC as 
expressed in the DCMES, version 1.1. (DCMI, 2004). The latter extends the basic 
DCMES by including seven more elements and a set of qualifiers that further refine the 
semantiCS, of the elements, support the use of encoding schemes and controlled 
vocabularies and result in the development of more sophisticated and accurate metadata 
records. 
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The simple DCMES consists of 15 elements that cover general needs for the description 
of electronic resources (e.g. Title, Creator, Subject). The 15 elements are: 
1. Title 9. Format 
2. Creator 10. Identifier 
3. Subject 11. Source 
4. Descrzption 12 Language 
5. Publisher 13 Relation 
6. Contributor 14. Coverage 
7 Date 15. Rights 
8. Type 
It is evident that the main purpose of the standard is to facilitate resource discovery, thus 
excluding other metadata elements like preservation or technical elements from the core 
set. It has been already mentioned that the simple Dublin Core represents the most basic 
and fundamental level of the DCMES use. However, the qualified DC uses more 
elements and qualifiers for addressing the needs of a more standardised and 
comprehensive description (Hillmann, 2005). 
The use of qualifiers can transform the DC into a more complex model for the description 
of electronic sources. This complexity, however, is counterbalanced by improved 
resource discovery and quality in the description. In particular, the DCMI has defined two 
general categories of qualifiers: 
1. Element refinements; and 
2. Encoding schemes. 
The former category includes qualifiers that refine the meaning of a particular element. 
For example the DC element Title may be further refined by the use of the element 
refinement Alternative, specifying a refined Alternative TItle element. In another case the 
DC element Relation that documents the relation of the resource described with other 
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resource(s) can be further refined by the following qualifiers: Is version oj Has version, 
Is replaced by, Replaces, Is required by, Requires, Is part of 
While element refinements are used to refine an element, the encoding schemes category, 
is used for defining the values of the elements. In particular, this category includes 
qualifiers that specify the scheme used for assigning a value to a DC element. For 
example, the LCSH (Library of Congress Subject Headings) can be used as an encoding 
scheme for assigning structured values to the DC element "Subject"s. 
In addition to the use of qualifiers, the qualified Dublin Core is also characterised by the 
use of seven additional elements defined by the DCMI (Hillman, 2005). These elements 
were: 
• Accrual Method, 
• Accrual Periodicity; 
• Accrual Policy; 
• Audience, 
• Instructional Method; 
• Provenance; and 
• Right Holder 
The Accrual Method, PeriodiCity and Policy define the method, frequency and policy 
governing the inclusion of the described source to the collection. The Audience element 
specifies the intended target audience of a resource, while the Instructional method 
clarifies the way an educational source is designed to be experienced by a learner. 
Finally, Provenance documents any changes in the ownership status of a resource, while 
the Rights Holder element includes information about the person or organisation that 
owns or manages the rights over the resource. All seven elements indicate a new trend in 
DC development towards administrative metadata, that facilitate the management of 
8 For a full listing of the DC element and quahfiers see the work conducted by the DCMI Usage Board 
(2006) at http IIdubhncore orgldocumentsldcmi-tennsl 
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resources in a digital library or repository (Provenance, Right Holder, Accrual Method, 
Periodicity and Policy) as well as educational uses of learning sources (Audience and 
Instructional method). 
DC and Educational Elements 
The Educational Working Group of DCMI is responsible for investigating the future 
development of DC in order to cover the descriptive needs of educational resources. 
Some of the recent responsibilities of the DCMI educational working group are: the 
creation of a DC-Education Application Profile, and the participation in a joint 
DCMIlIEEE LTSC Task force aiming at representing the IEEE LTSC LOM metadata 
elements, vocabularies and encoding schemes in DC metadata through the use of the DC 
Abstract model (DCMI Working Group, 2006; Powell, 2006). 
While all the DC elements can be applied for the description of any type of resource, in 
any discipline or domain, DC includes some elements and qualifiers that address issues 
specific to learning objects. These include two elements: Audience and Instructional 
method, and two element qualifiers or refinements: EducatIOn level and Mediator. Both 
qualifiers are used to refine the content of the Audience element. 
The Audience element is used to denote the specific user group that the learning resource 
targets (DCMI Usage Board, 2006). This element can be further refined by the use of the 
qualifiers Education level and Mediator. The former qualifier specifies the audience of 
the resource, e.g. higher education students, postgraduate students, Information science 
students, high school students. The latter qualifier gives information about a person that 
mediates access to the resource, e.g. a teacher, a librarian, a publisher, a database 
provider. 
A drawback of the particular element and corresponding qualifiers, is related to the 
absence of a structured vocabulary that metadata creators can use in order to assign 
appropriate values. The values of the audience element can be assigned by the author, 
publisher or a third party. This practice, however, in the long term could pose semantic 
32 
Chapter 2 - Literature review 
interoperabiIity problems due to the heterogeneous interpretations of the elements and the 
inconsistent use of its vocabulary values. 
The same observation holds for the InstructIOnal method element where there is no 
specific vocabulary assigned. The Instructional method element is used to document the 
way a learning resource will be experienced by the learner. Such documentation includes 
the learning theories and strategies related to the learning resource. The scope of the 
element is broad enough, including "all aspects of the instruction and learning processes 
from planning and implementation through evaluation and feedback" (DCMI Usage 
Board, 2006). Like in the case of the Audience element there are no standard values 
assigned for the Instructional method element. In addition, no element refinements or 
qualifiers have been specified for restricting the values of the particular element. 
The LOM (Learning Object Metadata) standard. 
The LOM standard documentation includes two strands emphasizing the definition of 
LOM metadata semantics and syntax respectively. These are: 
I. The IEEE 1484.12.1-2002 Draft standard for learning object metadata (or LOM 
version 1.0) where the structure and the semantics of the LOM data model is 
declared (IEEE LTSC9, 2002), and 
2. The IEEE PI484.12.31D2 draft standard for Extensible Mark-up Language (XML) 
Schema Definition Language Binding for learning object metadata (IEEE LTSC, 
2004). This draft standard specifies the binding of the LOM data model based on 
the W3C XML schema definition language. 
The LOM draft standard version 1.0 (IEEE 1484.12.1-2002) proposes the structure and 
the semantics of metadata elements used for the description of learning objects. The IEEE 
LTSC has adopted a broad definition of the kind of learning objects that the LOM 
standard tends to describe, as: "any entity-digital or not digital - that may be reused for 
• Learning Technology Standards Committee (LTSC) 
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learning education and training" (IEEE LTSC, 2002). The standard describes various 
characteristics of a learning object by defining an approximate number of 80 metadata 
elements, grouped under nine general categories. Table 2.1 presents a description of the 
nine LOM categories. Each category aggregates collections of related to that particular 
category metadata elements. For example, the General metadata category includes 
component elements, such as: Identifier, Title, Language, Description, Keywords, 
Coverage, Structure, and Aggregation level metadata. Some of these elements may as 
well include further sub-component metadata elements. For example, the component 
element Identifier of the General metadata category, includes the Catalog and Entry sub-
component elements. As a general principle data elements that include component data 
elements are named as aggregate data elements, while leaf data elements are named as 
simple data elements (IEEE LTSC, 2002). For some data elements there are vocabularies 
defined by the LOM v.l.O schema. Such vocabularies are useful for assigning values to 
the metadata elements. In addition, all elements are optional, thus a basic core set of 
metadata elements is not specified. Furthermore the standard does not provide any 
recommendations regarding the metadata creation process or the storage and retrieval of 
metadata within LORs. 
The syntax of LOM elements is based on the XML Schema technology. Some of the 
benefits related to the use of the particular technology include: 
• interoperability and exchangeability of LOM records across heterogeneous 
systems and platforms, 
• use of XML namespaces that support the extensibility of LOM with new 
elements, and 
• better representation and encoding of the hierarchical structure ofLOM elements. 
The first element in the first raw of the code is the <Iom> element and the use of the 
XML namespace declares that the elements used in the metadata instance derive from the 
LOM data model. The list of the nine metadata categories follows. It should be 
mentioned that there are no restrictions regarding the order with which the elements can 
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be presented. Figure 2.4 presents a high level XML representation of the nine elements of 
the LOM standard. 
<Iom xmlns="http IIItsc Ieee org/xsdlLOM"> 
<generaV> 
<hfecycle/> 
<metametadata/> 
<technical!> 
<educatlonal/> 
<nghts!> 
<relation!> 
<annotatlon/> 
<clasSification!> 
<flom> 
Figure 2.4. A high level representation ofLOM XML encoding (ADL, 2004) 
LOM formed the basis for the development of many nation-wide and project-specific 
LOM application profiles. Factors that influenced the wide acceptance ofLOM include: 
• its characterisation as an ISO standard in 2002 
• its origins can be traced back in the development of significant European and 
international projects like the ARIADNE project and the IMS project 
• its partial interoperability with Dublin Core 
• its focus on learning objects, and 
• its ability to cover a wide range of metadata elements. 
Some of the most prominent LOM applicatIon profiles include the CanCore project in 
Canada, the UK LOM Core in UK and the SCORM LOM metadata application profile 
developed by the U.S. Advanced Distributed Learning (ADL) project. These profiles 
adhere to the basic semantic structure of the original LOM but contextualise its use by 
proposing a basic core set of mandatory elements, providing guidelines for using the 
metadata elements as well as presenting alternative vocabularies for populating the 
metadata elements with values. 
Apart from the LOM standard, some other metadata standards and application profiles 
used for the description of learning objects include: the GESTALT - GEMSTONES, the 
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Coldex (both European Union-based projects), the Edna online in Australia, the 
Curriculum Online in UK, and the Gateway of Educational Material (GEM) in United 
States. 
M.tadata Category 
1. General 
2. Life-cycle 
3. Meta-metadata 
4. Technical 
5. Educational 
6. Rights 
7. Relation 
8. Annotation 
9. ClassIfication 
Table 2.1. The nine LOM categories 
Descriptio. or Cont.nts 
Descriptive mformatlon of the learning object as a whole, 
such as: Identifier, title, language, description, keyword, 
coverage, structure, aggregation level. 
Elements related to the revision or creation hIstory of the 
learning object as well as Information about those who 
have contributed to the deve/opmen~ creation, reVIsIOn 
of the learning object (version, status, contribute, role, 
entity, date). 
Information regarding the creation of the LOM metadata 
record. Meta metadata data elements include: Identifier, 
contributor, metadata schema and language of the LOM 
record. 
The Category consists of elements that describe the 
technical characteristics of the learning object such as 
_ the forma~ size, location, technical reqUirements, 
Installation requlfements or duration of the learning 
object 
The educational category aggregates elements regarding 
pedagogical and educational information about the use 
of a learning object Such elements include: Interactivity 
Type, Learning Resource Type, InteractlvIty Level, 
Semantic denSity, Audience/Intended End User Role, 
Context, Typical Age Range, DIfficulty, TypIcal Learning 
Time, Description, Language. 
The rights category Includes informatIon regardmg the 
intellectual property rights and conditions of use of the 
learning object Component elements of this category 
Included: cos~ copynght and other restrictions. 
The relation category presents information about the 
relationship of the descnbed learning object with other 
objects. Particularly, this category includes the following 
elements: kind (nature of relatIonship) and Resource 
(information about the reference resource). 
The Annotation category provides a comment regarding 
the use of learning objects. This aggregate element 
consists of the following three elements: Entity (the 
creator of the Annotation), Date and Description. 
The classification category classifies the content of the 
learning object based on an appropriate classification 
system. The classification Purpose, the Taxonomic Path, 
the Description and Keyword elements constitute 
components of the aggregate Classification data 
element. 
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The UK LOM CORE 
The UK Learning Object Metadata (LOM) Core is based on the revision of the fonnerly 
known UK Common Metadata Framework. The latest version of the UK LOM Core is 
the draft version 0.2 (Campbell, 2004a), but work is in progress for the version 0.3 
(Campbell, 2004b). The UK LOM Core is an application profile of the IEEE LOM. The 
UK LOM Core does not propose new elements but specifies a 'basic minimum' set of 
mandatory LOM elements and includes recommendations and guidelines about the use of 
these elements in the UK Higher and Further education. In particular, the UK LOM Core 
(Working draft 0.3) defines 27 LOM data elements as mandatory. These represent 
elements from five LOM categories (General, Lifecycle, meta-metadata, technical and 
rights). A total of 18 elements are simple (or leaf) data elements, and nine are aggregate 
data elements. The mandatory data elements define the basic minimum core element set 
that must be included in every UK LOM Core metadata record or instance. This basic and 
mandatory set of elements guarantees high level of semantic interoperability between 
metadata records and repositories. The remaining LOM ele~ents have been defined for 
either 'recommended' or 'optional' use. These include all metadata elements from the 
Educational, Relation, Annotation and Classification metadata categories as well as the 
Coverage, Keyword, Structure and Aggregation level metadata elements from the 
General metadata category. The mandatory elements of the UK LOM CORE can be 
mapped to the 15 elements of the Dublin Core metadata element set, v.1.1. The list of 
mandatory elements, however, should not be perceived as a definite or ultimate list of all 
elements that might be useful for storing, retrieving and evaluating leaming resources and 
learning objects. It is worth noting that although the purpose of the UKLOMCORE is to 
support the description of learning objects, elements related uniquely to the structure, 
granularity, learning-pedagogical context and use of a learning object have not been 
defined as mandatory elements. The rational behind this decision was based on the fact 
that these elements and their associated vocabularies have not been widely implemented 
yet and their use is not well understood. Finally, the UK LOM CORE application profile 
has been used as a template for the development of other UK-based metadata profiles, 
such as the JORUM metadata application profile. 
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2.2.3.3. The use of LOM and learning object metadata 
Although the metadata standardisation process progresses and many communities 
develop their own metadata schemas and application profiles, the level of uptake of 
learning object metadata has not been widely investigated. One of the early surveys that 
examined the level of use of learning object metadata standards in the UK HE revealed 
that metadata implementation has been monopolised by two standards: 1. the Dublin Core 
Metadata Elements Set (DCMI) and 2. the IEEE LOM standard (Currier and Campbell, 
2005). 
At the individual metadata element level, two surveys conducted by CETIS (2002) in 
UK, and the international LOM survey by CanCore (Friesen and Nirhamo, 2003; Friesen, 
2004) revealed an under utilisation of metadata elements used for the description of the 
educational, technical, structural and aggregation level characteristics of learning objects. 
Both surveys were focused on the use of the LOM standard. 
Other studies with similar findings were conducted by Godby (2004), Qm and Godby 
(2003) and Sicilia et al (2005). Godby (2004), who tried to update the findings of the 
CanCore survey, also revealed that the majority of metadata elements in the Educational, 
Technical and Relation LOM categories were among the least used elements. Godby 
(2004) concluded that the focus of the description was centred on the retrieval and 
discovery of metadata, ignoring the educational-learning scope of metadata standards like 
LOM. Another study by Qin and Godby (2003), based on a comparison and synthetic 
analysis of four metadata schemas (EML, GEM, LOMlIMS LRM and TEDffraining 
Exchange Definition), concluded that educational metadata were under represented. 
Finally, the study conducted by Sicilia et al (2005) provided the same conclusions 
regarding the low level of use of educational metadata in two LORs, the CAREO 
repository in Canada, and the MERLOT repository in United States. Sicilia et al (2005) 
also highlighted the need for the provision of better quality and more highly structured 
educational metadata. 
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2.2.4. Learning object metadata surrogates in sea rch result interfaces 
The primary purpose of search result interfaces in LORs is the improvement of users ' 
relevance judgment process. Learning object metadata surrogates constitute the basic 
component of these interfaces. For example, after a query for learning objects is 
executed, the results retrieved are presented as lists or clusters of brief metadata 
surrogates in the overview search resu lt interface. For example, the metadata surrogates 
of the search result overview interface of the ARIAD E Knowledge Pool system include 
in formation about the title, the author, the audience and the size of the learning object 
(see Figure.2.5). 
~~---------------------' I ~~h l 
Figure 2.5. Example of met ad at a surrogates at the overview level (ARIADNE). 
The amount of in format ion presented in the metadata surrogates of the "overview" 
interface is limited to basic metadata information (such as title, url and snippet) . Most 
structured IR systems (such as LORs, scholarly databases and institutional repositories), 
however, also provide links to more detailed metadata surrogates in "preview" interfaces 
(F igure 2.6). 
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Figure 2.6. Example of a metadata surrogate at the preview level (ARlADNE). 
The amount of information and interactivity provided by metadata surrogate previews can 
vary between systems. For example, the metadata surrogate preview interface of the 
JORUM system includes more than 80 metadata elements as well as many hyperl inks to 
other related resources. The metadata surrogate prev iew interface of ARIADNE, 
however, includes few metadata elements and is characterised by a limited amount of 
options provided to users for manipu lating the metadata surrogate. 
This research examines the design of learning object metadata surrogates both in 
overview and preview interfaces. There is an emphasis placed, however, on "preview" 
interfaces because they are more complex in terms of content and presentation than 
metadata surrogates presented in the overv iew search resu lt interfaces. The remainder of 
the literature review chapter suggests, users' interaction at the preview level has not been 
investigated in depth. 
The focus of the thesis on the context of LORs was based on the fact that surrogates 
based on learning object metadata standards and schemas exhibit some new features in 
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the design of search result interfaces, such as the increased number and complexity of 
metadata element semantics as well as the different types and degrees of organization and 
presentation of these elements in the surrogate, especially in the case of the preview 
interface (for example, linear versus clustered) (Rele and Duchowski, 2005). 
2.3. User-centred evaluation of learning object metadata surrogates 
Due to a lack of studies on the user-centred evaluation of learning object metadata 
surrogates or other types of surrogates, this section reviews research conducted for the 
evaluation of IR systems (macro-level). This decision was made for two reasons. Firstly, 
metadata surrogates in search result interfaces are an integral part of any type of IR 
system. Therefore, it was interesting to exarnine whether this type of studies covered any 
issues related to user interaction with metadata surrogates. The second reason was related 
to the fact that the review of these studies could provide evidence about the type of 
factors that should be involved in the evaluation of metadata surrogates at the micro-
level. 
The evaluation of IR systems is closely connected with the concept of relevance in the 
information retrieval domain which emerged in the mid 1950s (Tang and Solomon, 
2001). Mizzaro (1997) argued that the formal recognition of relevance as a research 
problem in Information and Computer sciences is accredited to Vickery during the 
International Conference for Scientific Information (ICSI) held in 1958. Since then, 
research on relevance has proliferated. The initial experiments conducted for measuring 
relevance were quantitative in nature and strongly dependent by the system's behaviour 
in terms of precision and recall (Saracevic, 2007). Further algorithmic developments and 
improvements were made on the basis of this research. User-centred relevance research 
emerged by researchers who were interested in investigating human - IR system 
interaction (Spink, et ai, 1998) as well as the effects of different cognitive factors and 
usability characteristics on user interaction with IR systems (lngwersen and Jarvelin, 
2005). 
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The remainder of this section provides an overview of the main studies conducted for the 
evaluation of IR systems and user interaction with these systems at the level of search 
result interface and metadata surrogates. These studies were grouped under five main 
categories. These were: 
1. System-centered approaches. 
2. User-centered approaches based on the concept of utility. 
3. Multidimensional approaches to satisfaction. 
4. User-centered approaches based on user relevance judgment behaviour. 
5. User-centered approaches based on usability and human computer interaction. 
2.3.1. System-centred approaches 
The dual division of relevance research in information science as system-centric and 
user-centric has emerged as the dominant paradigm by many researchers (Saracevic, 
2007; Borlund, 2003; Mizzaro, 1997; Schamber, et ai, 1990; Spink et aI., 1998). The 
system-centric relevance research employed a document collection, a set of 
predetermined queries and user relevance judgments (usually made by librarians, 
information professionals and students) against document representations (metadata or 
bibliographic records) retrieved by the system (Saracevic, 2007). Mizarro (1997) defined 
relevance judgment as "a value of a relevance assigned by a judge [the user] at a certain 
point in time". The output of this comparison between user judgments and retrieved 
documents was measured in terms of two dominant relevance metrics: I. recall and 2. 
precision. Precision is measured as the sum of relevant documents retrieved divided by 
the total number of documents retrieved by the system. However, recall measures the 
ratio of the relevant documents retrieved by the system divided by the total number of 
relevant documents in the collection (Buckley and Voorhees, 2005). Variations of these 
measures, however, have been developed, such as the MAP (Mean Average Precision)lO, 
bprefll or p@1012 (Buckley and Voorhees, 2005; Turpin and Scholer, 2006). ' 
10 The purpose of MAP was to prOVide a Single measure of relevance as opposed to the dual 
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The system-centric relevance research was the focus of a series of experiments, known as 
the Cranfield and TREC (Text REtrieval Conference) experiments. Although these 
experiments significantly improved the accuracy and quality of information retrieval 
algorithms in terms of recall and precision, this type of research has been criticised by 
many researchers. The main argument of this criticism was related to the fact that early 
Cranfield and later TREC experiments did not take into account real users and their needs 
as well as the contextual, dynamic and situational nature of relevance (Saracevic, 2007; 
Schamber et aI., 1990; Bateman, 1998; Borlund, 2003; Barry, 1994). 
An attempt to change the strict focus on system factors was initiated in 1994 when the 
Interactive track of TREC was introduced. TREC is a series of workshops intended to 
advance the knowledge about the evaluation oflR systems and it is sponsored by the V.S. 
Department of Defence ~d NIST (the National Institute of Standards and Technology). 
To accomplish the objective of IR system evaluation, several tracks have been initiated 
each corresponding to a particular area of research in IR (such as, interactive track, 
database merging track, cross-language retrieval track and web track). Within each track 
several document collections, tasks and methodologies have been developed to help 
various research groups to perform their evaluations and cross comparisons. Since the 
beginning of this interactive track a variety of interface and interactIOn features have been 
evaluated, such as query formulation techniques, relevance feedback mechanisms and 
different search result presentation methods (such as linear, clustered and visual 
interfaces). The methodological framework of the interactive track was influenced by 
recall and precIsion measures The MAP measures the mean precIsion of each relevant 
document that has been retneved With the non retneved relevant documents being assigned a 
value of zero. MAP represents the average precIsion per query or for a number of quenes (For 
more information see Buckley and Voorhees, 2005) 
11 Bpref was Introduced by Buckley and Voorhees (2004) and measures the frequency With which 
relevant documents are presented before non relevant documents In the results list Thus this 
measure counterbalances the effects of non retneved documents which are difficult to Identify 
and Judge their relevance. Tests have revealed strong correlations between the bpref and MAP 
measures, thus suggesting their effectiveness of both metncs to measure relevance (Turpln and 
Scholer, 2006) 
12 P@10 or PrecIsion at 10 documents retneved PrecIsion IS calculated based on the first 10 
documents retneved (Turpln and Scholer, 2006) 
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relevant research in human computer interaction and information seeking behavior which 
suggested the use of real users in the evaluation process. 
Following a more user-centred approach, in the context of system-centred relevance 
research, many researchers examined the impact of IR effectiveness (operationalised as 
precision and recall) on users' performance (such as the time needed to identify relevant 
documents and the accuracy of relevance judgments) and satisfaction (Hersh et aI., 2000; 
Allan et aI., 2005; Turpin and Scholer, 2006; Al-Maskari et aI., 2007; Huffman and 
Hochster, 2007). In these studies, researchers developed prototypes of search engines that 
retrieved results at different levels of retrieval accuracy. Most of these studies calculated 
retrieval accuracy based on standard TREC measures, such as mean average precision 
(MAP) and bpref (Turpin and Scholer, 2006). The results of these studies suggest that 
there is a debate about the impact of system effectiveness on users' performance and 
satisfaction. For example, Turpin and Scholer (2006) found that the time needed by 
participants to find a relevant document and the accuracy of their relevance judgments 
were not proportional to the level of retrieval accuracy. It is worth mentioning, that 
Turpin and Scholer employed a complex research design that took into account the 
effects of both task type and levels of retrieval accuracy on user performance, thus 
increasing the generalisability of their findings. These findings supported earlier research 
by Hersh et al (2000) who reported no impact of system effectiveness on user 
performance, and Allan et al (2005) who did not observe significant effects of retrieval 
accuracy on the accuracy of users' relevance judgments. Unlike the study by Turpin and 
Scholer, however, neither study took into account the effects of different type of tasks on 
user performance. Other researchers that investigated the impact of IR effectiveness on 
satisfaction provided controversial results. Huffman and Hochster (2007) revealed that 
there was a strong correlation between satisfaction and retrieval accuracy. This finding, 
however, was not supported by Al-Maskari et al (2007) who found no significant 
differences. A limitation of these studies is related to the fact that researchers did not 
employ similar measures of satisfaction. For example, Ai-Maskari et al (2007) examined 
the perceived satisfaction with the accuracy, coverage and ranking of the results retrieved 
using a 5-point scale, while Huffman and Hochster (2007) measured satisfaction as a 
44 
Chapter 2 - Literature review 
nonnalised average score (ranging from 0 to I) over a set of tasks. In addition, a meta-
analyses between these studies is difficult to achieve due to the presence of between 
subject variability that may have influenced the results of the statistical analysis. 
The findings of these studies suggest that users' perfonnance and satisfaction during the 
relevance judgment process cannot be explained only in tenns of IR effectiveness. In 
ad~ition, it can be inferred that factors other than ranking and the retrieval accuracy of the 
results retrieved can have an impact on users' perfonnance (for example, the time needed 
to complete the relevance judgment process, or the number of correct and false relevance 
judgments) and satisfaction when judging relevance. One such factor could be attributed 
to the usability of the search result interface and, in particular, the presentation and 
content of the metadata surrogates (micro-level). User-centred approaches to the 
evaluation of IR systems attempted to address this issue from the point of view of utility 
(2.3.2), satisfaction (2.3.3), relevance judgment behaviour (2.3.4) and usability (2.3.5). 
These are discussed below. 
2.3.2. User-centered approaches (Utility) 
The concept of utility in IR evaluation is attributed to Cooper (1973) who defmed it as 
the usefulness of the documents retrieved by the system to the user (Cooper, 1973). 
Although utility has been often criticised as a measure difficult to implement (Saracevic 
et aI., 1988), some researchers, such as Saracevic et al. (1988), Saracevic and Kantor 
(1988), Su (2003) and 10hnson et al (2003) have tried to measure it in the context ofIR 
system and web search engine evaluation along with other measures, such as relevance, 
efficiency and satisfaction. Although the early studies by Saracevic and Kantor (1988) 
and Su (1992) provided some evidence for the relationship between relevance of the 
retrieved output (i.e. the search output) and utility, utility was operationalised in the 
context of mediated searchingl3 • As a response to this limitation, more recent studies by 
13 In the case of mediating searching the hbranan or infonnatlon profeSSional acts as an Interface 
between the user and the IR system ThiS way of searching was common In pre web and batch 
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Su (2003) and Johnson et al (2003) investigated utility in the more interactive and non 
mediated web context. 
Su (2003) repeated her 1992 study approximately 10 years later, this time for the 
evaluation of web search engines. In this study utility was measured in terms of the 
value-usefulness of search results in the resolution of a user's information problem (Su, 
2003). The question was measured using a seven point Likert scale. Su (2003) recruited 
36 undergraduate students. Participants were asked to conduct searches using four search 
engines (Alta Vista, Excite, Infoseek and Lycos). After completing a search in each 
system, users were asked to complete a satisfaction questionnaire measuring their 
satisfaction with several measures including utility. The findings revealed that there was 
an impact of the presentation of search results on utility with Alta Vista and Excite 
scoring higher. 
Based on prior work by Su (1992), Johnson et al (2003) developed a multidimentional 
framework for the evaluation of search engines. Among the measures of effectiveness, 
efficiency and interactivity, Johnson et al investigated users' perception of the utility of 
the search results. They defined utility in terms of: 1. satisfaction with the results; 2. the 
contribution of the retrieved results to the resolution of the user's information problem; 3. 
the value of the search result as a whole; 4. the worth of their participation in respect to 
the search results (Le. effort spent in the evaluation of search results); and 5. the quality 
of the results (Johnson et aI., 2003). These five approaches to utility were measured using 
a five-point Likert scale. Twenty three undergraduate students in Information and 
Communications were recruited to participate in a study that investigated users' 
satisfaction with the use of three search engines (Excite, Northemlight and HotBot). The 
findings of the study revealed that utility was significantly correlated with the system's 
overall success. 
Although these studies used different sample sizes, statistical tests and types of systems, 
from the interpretation of their findings it can be suggested that the utility of search 
mode onllne bibliographic systems 
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engines is influenced by the perceived effectiveness and presentation of the search 
results. However, Su did not attempt to examine which components of search result 
interface had an impact on users' perceived utility of the results retrieved. 
2.3.3. Multi-dimensional approaches (Satisfaction) 
In the previous section utility was researched as part of a wider multidimensional 
framework for the evaluation of IR systems. In Information Science research and 
specifically in IR, evaluation is dominated by many examples of multidimensional 
frameworks for the evaluation ofIR systems (for example, Saracevic, et al., 1988; Su, 
1992; 2003; Iohnson et ai, 2003; Spink, 2002; Spink et,al., 2002). The concept of multi-
dimensionality is based on the simple assumption that user evaluation of an IR system's 
success is based on a variety of measures or criteria rather than on a single construct, such 
as relevance (Johnson et al., 2003). This section discusses some important 
multidimensional frameworks for the evaluation of IR systems with particular reference 
to their implication for the evaluation of metadata surrogates in search result interfaces. 
It is apparent from the literature that there is a lack of standardised instruments for the 
evaluation of user satisfaction with search result interfaces and metadata surrogates. Only 
two studies by Su (2003) and 10hnson et al (2003) tried to address this issue. For 
example, Su (2003) measured satisfaction with the 'output display' (Le. search results). 
The findings of this study revealed that there was an impact of search result output 
display format on users' satisfaction. In particular users were significantly satisfied with 
the output display of the Excite and Alta Vista rather than Lycos. Su revealed two 
categories of criteria that could be taken into account in the design of metadata surrogates 
within search result interfaces: 1. overall characteristics; and 2. components users 
employed to evaluate the quality of the output format of the search results. Overall 
characteristics apply to the presentation and design of the metadata surrogates, while 
components refer to the content components of the surrogates, such as title, URL, date 
and relevance score. The dual division of criteria is similar to the concept of' Meta-Ievel 
usability' (see Section 2.1). These criteria are summarised in Table 2.2. 
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Table 2 2. Usability characteristics for the output fonnat of Web search engines (Su, 2003). 
Overall Characteristics 
Organisation - standardised and 
consistent output format 
2 Quality - relevance and precIsion of 
hits 
3 Ease - easy to read and understand, 
or browse and find things 
4 Clarity - clear organisation of content 
5. Relevance ranking - effectIVe 
ordering of Items based on relevance 
to the user's query 
6. Numbering of documents In search 
results 
7. Useful options - choices for display 
such as, Show Titles only or List by 
Webslte and references to links to 
related Items like find related Items 
like 'find related web pages' 
8 Large prints size 
9 Highlight - Boldface for Important 
components such as btle, date and 
relevance 
10 Navigation aids - e g buttons for 
moving forward or backward or for 
dOing a new search 
11 Colors - black and white or very light 
color are not desirable 
Components 
1. Clear detailed abstracts 
2. Relevance scores 
3 I nformatlve titles 
4 Reliable URLs 
5 Absence of nOises and ads 
6. Absence of duplicates 
7. Hrt numbers 
8 Dates 
9 Total number of hits 
The measure of 'output display', however, was measured in terms of a single 7-point 
scale, thus user ratings applied to the search result as a whole and not to individual 
aspects of metadata surrogates displayed in it (such as the structure of the surrogate or 
the use ofhypertext). Although the measure was accompanied by an open-ended question 
that asked users to justify their ratings further research is needed to investigate users' 
satisfaction, preferences and performance at the metadata surrogate level. This thesis is a 
step towards this objective. 
While Su (2003) used only one satisfaction measure for the evaluation of search result 
interfaces, Iohnson et al (2003) employed two measures: 1. satisfaction with the 
visualisation of items retrieved, and 2. satisfaction with the manipulation of the display 
output. It can be suggested that these two measures align with Shneiderman's Task -
Object model (Shneiderman and Plaisant, 2004). Objects refer to the different types of 
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visualisations applied to display the metadata in search results and Tasks refer to users' 
actions for manipulating the objects (such as sorting and printing). The findings of the 
study conducted by Johnson et al (2003), did not provide rich data about the design of 
metadata surrogates in search result interfaces and the purpose of the study was to 
investigate the relationship between different IR measures. The two measures related to 
the usability of the search output were not strongly correlated with the users' overall 
satisfaction with the search engines' interactivity. For example, satisfaction with the 
visualisation of the item presentation was moderately correlated with overall satisfaction 
with interactivity (Spearman's correlation = 0.486) and satisfaction with output 
manipulation was weakly correlated with overall satisfaction with interactivity 
(Spearman's correlation = 0.132). However, in the case of the Northern Light search 
engine users indicated that good presentation of metadata surrogates in the retrieved 
output helped them to understand the content of search results. 
As in the case of research on effectiveness and utility, the multidimensional evaluation of 
IR systems did not provide an in depth coverage about the evaluation of issues related to 
the content and the presentation of metadata surrogates in search result interfaces. 
2.3.4. User-centered approaches (relevance behavior research) 
Research on user-centred relevance has implications for the design of the content of 
bibliographic and metadata surrogates in search result interfaces of IR systems, as well as 
the improvement of the functionality of IR systems (Barry, 1998). Studies on user-
centred relevance have been focused on two main research questions: firstly, "What are 
the effects of the order of presentation of metadata or bibliographic elements on users' 
relevance judgment?" and secondly, "What type of relevance criteria users employ when 
judging the relevance of search results?". 
The first question has been investigated by researchers, such as Saracevic (1969; 1971), 
Marcus et al (1978), Eisenberg and Barry, 1989, and Jane (1991) in a series of 
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experiments. These early studies provided some useful insights about user relevance 
judgment behaviour, such as the importance of an abstract for judging relevance, 
participants' preferences towards content related and more lengthy metadata elements 
(such as title, abstract, keywords and subject categories) rather than bibliographic details 
(such as page numbers and publisher details), and also the appropriateness of 
experimental techniques (both laboratory-based and naturalistic) for the investigation of 
human relevance judgment behaviour. In addition, from a methodological point of view 
Eisenberg and Barry (1988) found that experimenters in relevance judgment behaviour 
research should present bibliographic records randomly to users in order to eliminate bias 
from order effects during the relevance judgment process. This finding was also 
confirmed by later studies (see for example, Huang and Wang, 2004; and Xu and Wang, 
2008). 
These early studies, however, had some limitations: 
• The focus of these studies was still oriented towards topical relevance and were 
all bound to the limitations of the pre-WWW online bibliographic catalogues and 
batch IR systems. For example, the kind of metadata surrogates used in the 
experiments were focused on library-based bibliographic formats such as the 
Anglo-American Cataloging Rules (AACR). 
• None of these studies examined issues related to the presentation of metadata 
surrogates in search result interfaces (for example, in terms of interactivity, order 
of presentation ofmetadata elements, structure and organization of the contents of 
the surrogate, readability of characters). 
• Users were presented with printouts of bibliographic records and did not interact 
with real IR systems. 
An interest in the second research question was developed during the early 1990s from 
information scientists at Syracuse University and still remains a significant research 
problem of user-centered relevance judgment behaviour research. This body of research 
is focused on the criteria users employ when judging the relevance of various types of 
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documents and document representations (Le. metadata surrogates). Researchers have 
investigated relevance criteria in the context of both web surrogates (Le. the unstructured 
surrogates or snippets presented in the search result interface of web search engines) and 
structured IR systems (Le. metadata surrogates presented in the search result interface of 
scholarly databases and other types of metadata-driven IR systems). Borlund (2003) 
defined relevance criteria as "the parameters by which users determine the relevance of 
the retrieved information object'. Research on user-defined relevance criteria helped 
, 
researchers to understand the dynamic, multi-dimensional and situational nature of 
relevance (Borlund, 2003; Spink et ai, 1998). For example, modem research on user-
centred relevance judgment supports that subject or topical relevance is not the only 
criterion used by users to judge relevance. Thus, it is multidimensional in nature. Other 
criteria, beyond topicality, may include currency, quality, authority and the availability of 
the resource. Mizzaro (I997) in a critical review of relevance research during two, 
periods: 1963-1976 and 1977-1996, argued that early researchers identified several 
factors affecting relevance, including: 
"I. the kind of document representation, 
2. the way the request is expressed, 
3. features of the judge, 
4. the mode of expressing the judgment, 
5. the situation/context in which the judgment is expressed". 
Cosijn and Ingwersen (2000) and Saracevic (2007) argued that the multiplicity of 
relevance criteria is subject to several independent but interrelated manifestations of 
relevance. Therefore, a user can judge relevance according to one or more manifestations 
of relevance. These manifestations were: topical relevance (based on the relevance 
criterion of topicality or subject relatedness), cognitive relevance or pertinence (based on 
relevance criteria that can be influenced by the user's state of knowledge and information 
need), situational relevance or utility (based on criteria that can be influenced by the task 
or problem at hand), socio-cognitive relevance (based on criteria that can be developed as 
a product of social construction and user interaction within the environment where a task 
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occurs), and motivational or affective relevance (based on emotional criteria). While 
topical relevance is the focus of system-centred relevance, the situational nature of 
relevance has been investigated in depth in the context of user-centered relevance 
judgment behaviour research. This happened because the use of relevance criteria can be 
influenced by the type of task at hand and users' information needs. 
Finally, researchers have also argued that the importance of relevance criteria may 
change throughout the information seeking process exposing their dynamic dimension. 
For example, Rieh (2002) elaborated on the concepts of predictive and evaluative 
judgments. Predictive judgment occurs at the level where a user judges the relevance of a 
document by evaluating its document representation (for example its metadata surrogate), 
while evaluative judgment occurs at a latter stage when the user interacts with the whole 
document in order to decide upon its relevance (Rieh, 2002; Crystal and Greenberg, 
2006). Since predictive and evaluative judgments can occur within the context of a single 
search, other researchers have suggested that user-centered relevance judgment behaviour 
can change during a series of searches (also called as successive searches)l4. These 
changes can be attributed to changes on users' Anomalous State of Knowledge (ASK) or 
information seeking stage (Cosijn and Ingwersen, 2000). 
The remainder of this section presents and discusses some important studies that were 
focused on the identification of the criteria used by information users when judging the 
relevance of various types of documents ~d document representations (i.e. bibliographic 
and metadata surrogates). Each study reported in this section has contributed new 
knowledge in the field of relevance judgment behaviour and their selection provides a 
good overview of the research in this field in terms of research design (naturalistic versus 
laboratory-based and quasi-experimental user studies), type of tasks performed, systems 
used and participant recruitment. In addition, the findings of these studies led to the 
formulation of new theory about the criteria users employ when they judge relevance and 
in particular, the multi-dimensional, situational and dynamic nature of relevance criteria 
(Barry, 1998; Barry and Schamber, 1998; Tang and Solomon, 2001; Zhnag et aI., 2004), 
14 See section 2 1 
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the cognitive processes involved in the formulation of these criteria (Wang and Soergel, 
1998; Rieh, 2002) as well as the effects of web page and search engines design on the use 
of relevance criteria for relevance judgment (Rieh, 2002; Tombros et ai., 2005; 
Savolainen and Kari, 2006; Crystal and Greenberg, 2006). As mentioned earlier, due to 
the lack of studies focused on the usefulness of learning object metadata for relevance 
judgments, the literature review summarizes the findings of research in other contexts 
such as scholarly databases and web search engines. 
2.3.4.1. Relevance criteria based on bibliographic records 
In one of the early studies, Barry (1994) investigated what kind of criteria users used to 
judge the relevance of both documents and their bibliographic records. A total of 18 
students and academics were recruited to participate in the study. Participants were asked 
to view and evaluate the relevance of 15 bibliographic records and three full-text 
documents. Both observations and interviews were employed for data collection. Data 
collected was analyzed through the content analysis technique resl;llting in the 
identification of 23 categories of relevance criteria which they were further grouped in 
seven broad classes of criteria. The findings of the research revealed that users were not 
solely influenced by the topical - subject relevance when evaluating the usefulness of a 
document. The criteria identified in the study were: 
• criteria pertaining to the information content of documents (Depth/Scope, 
Objective accuracy/Validity, TangIbility, Effectiveness, Clarity, Recency); 
• criteria pertaining to the user's previous experience and background 
(Background/Experience, Ability to understand, Content novelty, Source novelty, 
Stimulus and Document novelty); 
• criteria pertaining to user's beliefs and preferences (SubjectIve accuracy/Validity, 
Affectiveness); 
• criteria pertaining to other information and sources within the information 
environment (Consensus, External verification, AVQllabllity withm the 
environment, Personal availabIlity); 
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• criteria pertaining to the sources of documents (Source quality, Source 
reputation/Visibility); 
• criteria pertaining to the document as a physical entity (Obtainabllity, Cost); and 
• criteria pertaining to the user's situation (TIme constraints, RelatIOnshIp WIth 
authors). 
The most frequently used criteria included: the Depth/Scope, Novelty, AccuracylValidity, 
TangIbilIty, Recency and AffectlVeness. A follow up study conducted by Barry (l998) 
produced similar findings. In this study, Barry concluded that among the various 
elements of the bibliographic records (Abstract, Title, Source trails, Indexing terms, 
Notes and Content trails) only the Abstract and the Title provided users enough 
information to judge relevance. Both elements presented specific information, covered 
most of the criteria categories identified above and provided users with references to 
additional sources. 
The comparative evaluation of relevance criteria produced by studies that investigated 
relevance judgment behaviour in different contexts showed that users share a common set 
of criteria when evaluating the relevance of documents in IR systems. For example, Barry 
and Schamber (1998) compared two studies that differed in terms of sample size (18 
versus 30 participants), sample characteristics (faculty and students versus users of 
weather information), type of information sources (scholar IR systems versus sources of 
information about the weather) and data collection instruments (experiment and 
interviews versus sense making interviews). The two studies, however, shared a common 
assumption. This was the focus on situational relevance. Thus, users had to judge 
relevance based on a real information situation. The findings of the comparison between 
the two studies identified a common set of relevance criteria. These were: 
Depth/ScopeISpecijicity, AccuracylValidlty, Clarity, Currency, TangibIlity, Quality of 
sources, Accessibility, Availability of iiformation and sources of information, 
Verification and Affectiveness. However, differences in relevance criteria were also 
observed. These differences can be attributed to the variability of the two sample sizes 
(for example, variability in terms of sample size and individual characteristics). For 
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example, users of weather information were also interested in judging a document based 
on its geographic proximity/location, interactivity, quality and permanence of 
information. However, in an academic environment users valued criteria related to time, 
user's knowledge and quality of the content, such as Effectiveness, Consensus within the 
field, TIme constraints, RelatIOnshIp with the author, Background experience and 
Novelty. 
Wang and Soergel (1998) went further and proposed a cognitive model of relevance 
judgment in order to justify the relationship between bibliographic elements and 
relevance criteria. This model suggested that the document selection process is based on 
the mapping between bibliographic elements (such as Title, Author and Journaf), 
relevance criteria (such as Topicality, Novelty and Qualzty) and document values. A 
document value refers to the utility of a document to a users' information need. Several 
types of document value exist, such as emotional, epistemic and functional. The model 
was based on the assumption that the final decision of a document's relevance was based 
on a stepwise process according to which users examined elements in the bibliographic 
record based on a criterion of relevance (for example the Title element was examined 
under the criterion of Topicality). Then the relevance criterion was associated to a 
document value. In order to test the feasibility of this model the researchers conducted a 
user study. In this study a total of25 participants (faculty and postgraduate students) were 
recruited. Participants were asked to judge the relevance of a set of bibliographic records. 
The bibliographic records were presented to the user in a print format. During the 
evaluation of the bibliographic records users were asked to think aloud. The content 
analysis of the verbal protocols revealed which bibliographic elements, relevance criteria 
and document values were perceived as important during relevance judgment. Most 
useful metadata elements were the TItle, Abstract, Journal tItle, and the Author. Other 
less frequently used elements for relevance judgment were the Geographic location, 
Publication date, Document type, Author's affiliatIon, Descrzptors and Language. In the 
majority of cases, participants examined the Title first followed by the Author, Abstract 
and the Journal title. Based on this finding the researchers proposed that the most 
frequently used elements as well as the elements that were examined first should be 
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highlighted and displayed at the top of the bibliographic record. The most frequently used 
relevance criteria were Topicality followed by Quality and Orientation level. Other less 
frequently used criteria were: DiscIpline, Novelty, Recency, Reading time, Availability, 
Special requisite, Authority and Relation/Origin. The mapping between bibliographic 
elements and relevance criteria revealed that Topicality and the Orientation level mapped 
to content related elements, such as the Title, Abstract and the Table of contents. The 
criteria of Discipline and Quality were mapped to the Journal tItle and Author's name 
elements. Finally, the criteria of Recency and Availability were mapped to Publication 
date and Journal title respectively. Five types of document values were identified. These 
were: epistemic, functional, conditional, social and emotional. From these values the first 
three were more frequently mapped to the criterion of Topicality. The functional value 
was related to the Orientation level and Quality relevance criteria while the social value 
was assigned to a document when Authority and Relation criteria were applied for 
relevance judgment. 
Following these findings, Wang and Soergel proposed a set of two principles that were 
directly related to the presentation of bibliographic records in search result interfaces 
(Wang and Soergel, 1998; Wang, 1997). The first principle stated that only bibliographic 
elements that were directly mapped to user relevance criteria should be presented in the 
record. This principle was based on the document selection model and the relationship 
between elements and relevance criteria defined in this model. The second principle 
stated that the presentation of the elements in the surrogate should optimise information 
processing during the relevance judgment process. For example, the researchers 
suggested that key bibliographic elements should be highlighted or placed at the top of 
the record so that they could be made visible to the user. However, the second principle 
was not based on the empirical data of this study which was focused on content rather 
than the presentation of the content of bibliographic records. The importance of the two 
principles suggested by Wang and Soergel is related to the fact that both content and 
presentation of content should be taken into account in the design of IR systems. This 
further supports the concept of meta-Ievel usability discussed in Section 2.1. 
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The dynamic nature of relevance behaviour in the context of IR systems was first 
examined by Tang and Solomon (200 I) who observed the types of relevance criteria that 
were employed at the level of the bibliographic record and the full-text document level. 
Observations of participants' behaviour were enriched with data from the think aloud 
technique, the completion of evaluation forms and interviews. A total of 90 
undergraduates participated in a laboratory experiment and nine PhD students in a 
naturalistic study. Based on the findings of both studies Tang and Solomon proposed that 
students tended to rely on objective relevance criteria when evaluating the bibliographic 
record, but they turned to more subjective criteria when evaluating the full text document. 
The study also revealed that users highly valued the Abstract element of bibliographic 
records. Using a factor analysis, the researchers identified eight classes of criteria used 
for relevance judgment. These were: Topicality, Cognitive state, Quality of information, 
Research structure, Source value and Utility. Like other authors, Tang and Solomon 
(2001) supported that topical or subject relevance is not the only criterion employed by 
people to judge the relevance of documents. In addition, the authors concluded that 
different criteria may be employed at different stages of document evaluation, for 
example from evaluation of the bibliographic record to the evaluation of the whole 
document. 
A further advancement of the dynamic relevance behaviour research can be attributed to 
Zhang et al (2004)15 who examined the effects of relevance judgment sub-tasks on the 
usefulness of bibliographic elements. In order to address this objective they conducted a 
series of user studies, including online surveys and laboratory experiments in order to 
investigate users' perceived usefulness of bibliographic elements for: 1. finding, 2. 
identifying, 3. evaluating, and 4. obtaining access to distributed collections of digital 
moving images through a union catalogue. The four sub-tasks derived from IFLA'sI6 
'Functional Requirements for Bibliographic Records" framework which defines the main 
functions that bibliographic records should support when a user judges the relevance of a 
15 An extended review of the research conducted at Rutgers University by Zhang et colleagues IS 
available In Zhang and Yuehn (2008) 
,. International Federation of Library AsSOCiations (IFLA) http/lwww Ifla orgNIl!s13lfrbrlfrbr htrn 
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document based on its bibliographic or metadata representation. The study targeted 
science teachers and teaching assistants. The findings of the study revealed that the most 
highly favoured elements for relevance judgment among participants in the study were: 
the Title, Abstract, Subject, Date and Resource genre/Form. In addition, the study 
revealed that users preferred content related elements to find and identify images, and 
physical descriptive elements for selecting and obtaining images (such as Access 
restrictions, Type, Date, Physical characteristics and Duration). Therefore, the 
researchers concluded that the relevance judgment sub-tasks could have an impact on the 
criteria used by participants to judge the relevance of moving images, thus exhibiting a 
dynamic effect on relevance judgment. 
Summarizing, the studies discussed so far provide some interesting findings regarding the 
way users (in all cases students and academic staff) perceived the usefulness of the 
various elements used in bibliographic records of IR systems. The majority of 
participants in these studies preferred the presence of an Abstract for judging the 
relevance of documents over the other content related document representation elements 
such as the Title, Subject and Indexing terms (Saracevic, 1969; 1971; Marcus et aI, 1978; 
Janes, 1991; Barry, 1998; Tang and Solomon, 2001). In addition, researchers like Barry 
(1994; 1998) and Tang and Solomon (2001) revealed that TOPlcalzty was not the only 
criterion users perceived as useful for judging relevance when examining bibliographic 
records. Other criteria that users found useful were: Purpose and Scope, Objectives, 
Recency, Quality, Reputation of the source and the author, Accessibility information and 
Cost. Finally, participants in these studies used different bibliographic elements and 
criteria to judge the relevance as they progressed from the evaluation of the bibliographic 
records to the evaluation of the full text document (Tang and Solomon, 2001) or as they 
shifted between relevance judgment sub-tasks (Zhang et aI., 2004; Zhang and Yualin, 
2008). This signifie~ a need for a dual approach to relevance judgment research. 
These studies provide ground for thought and criticism about the way research on 
relevance judgment should be conducted. Firstly, there is an inconsistency between these 
studies as far as concerns the number of participants that were recruited. For example, 
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Tang and Solomon (2001) in their empirical studies recruited 90 participants. This 
number is higher when compared to previous studies by Barry (1994; 1998), Barry and 
Schamber (1998), Janes (1991) and Marcus et al (1978). Barry and Schamber (1998) 
have proposed that the use of more than 10 participants for investigating relevance 
behaviour produces redundancy and users tend to provide similar answers. This 
inconsistency in the number of participants, however, might be attributable to the 
complexity of the statistical techniques employed for the analysis of data and the need for 
supporting the validity, reliability and generalisation of the findings. For example, Tang 
and Solomon (200 I) in their study employed a factor analysis to identify groups of 
relevance criteria. In this case, a larger number of participants is required than in the case 
of the studies conducted by Barry (1994) or Barry and Schamber (1998) who were 
focused on the performance of simple descriptive statistics (such as the estimation of 
frequencies of relevance criteria). 
Secondly, it is worth mentioning that although some of the studies were conducted after 
1994, and particularly, after the launch of the WWW, relevance judgment research was 
stIll focused on its pre-Web objectives. In particular, there was a lack of interest in 
investigating design issues, such as the way web design, presentation format, and 
interactivity of metadata surrogates or bibliographic records could have an impact on 
relevance judgment behaviour. 
2.3.4.2. Relevance criteria based on metadata surrogates of web search engines 
Rieh (2002) investigated how people judge information quality and cognitive authority 
when searching for information in the WWW. The data collection method included the 
use of background questionnaires, task testing in a laboratory setting and post search 
interviews. A total of 15 scholars from multiple disciplines participated in the study. Each 
session was audio taped and users' searching behaviour was monitored through the use of 
screen recording software. Content analysis was implemented for analysing the data 
collected. Data analysed was categorised into two a priori relevance judgment phases of 
predictive and evaluative judgment respectively. The findings ofthe study revealed that 
users employ a variety of relevance criteria when evaluating a web page including 
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Topicality, Information quality, and Cogmtlve authority. Users relied more on the 
Information quality and Cognitive authority criteria rather than Topicality during the 
evaluative judgment process. However, Topicality was more important during the 
predictive phase. Rieh's study confirmed the results of a previous study by Tang and 
Solomon (2001) who proposed that students tended to rely on objective criteria when 
evaluating bibliographic records but they turned to more subjective criteria when 
evaluating the full-text document in the context of scholar IR systems. Finally, Rieh 
suggested that the metadata surrogates of web search engines should include more 
information about the quality and authority of the web-pages. 
In another study, Tombros et al (2005) investigated the type of criteria employed by users 
when judging the relevance of web pages. This study adopted a broader focus than the 
study by Rieh (2002) because it examined all the factors affecting relevance judgment 
during user interaction with the web beyond Information quality and Cognitive authority. 
In addition, this study did not examine user relevance judgment behavior at the metadata 
surrogate level. A total of 24 academics and postgraduate students participated in the 
study. Participants were asked to complete a background questionnaire, find information 
for three predetermined simulated tasks using the web, and finally, complete a set of 
satisfaction questionnaires. During the session participants were asked to justify why they 
perceived a particular web-page as relevant or not to their task at hand in verbatim. 
During the search session data was collected through screen recording software and audio 
recordings. The satisfaction questionnaires elicited information about users' perceptions 
about the difficulty of the tasks performed and the level of satisfaction with addressing 
them. An inductive content analysis techniques was appli~d for the analysis of the data 
collected during the search session (screen recordings and audio recordings). In addition, 
descriptive statistics and statistical tests were performed in the case of the satisfaction 
questionnaire. The analysis of the data showed that the criteria most frequently used by 
participants in the study were Topicality (content and numbers), Structure of the layout of 
the web page, Type of hyperlinks, Scope and Authority of the web page, and 
Expressiveness of non textual items (such as pictures). 
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Savolainen and Kari (2006) also investigated the criteria employed by users for judging 
the relevance of hyperlinks and web pages. As opposed to Tombros et al (2005), 
Savolainen and Kari employed a more naturalistic research design that involved real user 
information needs rather than simulated tasks. A total of nine participants were recruited 
in the study. These included four university students and five professionals in 
architecture, engineering and project management. Participants were asked to search the 
web for information as they would normally do. They were also instructed to think aloud 
while browsing for information in the web and provide justifications why a particular 
web-page of hyperlink was useful or not to their needs. Each session was video and audio 
taped. Data was analysed through an inductive content analysis technique. The results 
revealed 18 criteria that users employed when judging the relevance of both hyperlinks 
and web pages. These were: understandability of information, accessibility, affectiveness, 
clarity, cost, curiosity, currency, familiarity, language, novelty, reliability, security, 
specificity, time constraints, topicality, usability, validity and variety. Finally, the results 
also showed that participants tended to use more frequently the criteria of specificity, 
topicality and familiarity when accepting web pages and hyperlinks rather than the rest of 
the criteria mentioned above. Similarly, they used more frequently the criteria of 
specificity, accessibility, understandability and affectiveness when they rejected web 
pages. 
Crystal and Greenberg (2006) investigated the criteria used by health information 
consumers for judging the relevance of information in the WWW. The researchers 
developed a dual methodological framework that investigated the way users judge the 
relevance while interacting with both metadata surrogates and the web pages. Their 
methodological framework was based upon prior research conducted by Tang and 
Solomon (2001), Rieh (2002), Marchionini (1995) and Barry (1998). This study, 
however, differs from the previous studies in terms of targeted audience as it involved 
non-academic participants. A user study was applied for data collection that included pre 
and post test questionnaires, task scenarios and post test interviews. The task scenario 
involved participants searching the web using Google and judging the relevance of both 
the metadata surrogates and the web pages retrieved. The use of screen recording 
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software and audio recordings facilitated the monitoring and recording of users' attitudes, 
interaction and comments during the process of relevance judgment. A total of 12 typical 
health information consumers participated in the study. The results of the study revealed 
that the individual criteria most frequently employed by participants for judging the 
relevance of both the metadata surrogate and the documents were: Topicality, Variable or 
Factor (reference to a specific variable or factor in the study), Scope (the context of the 
document) and General approach (e.g. method employed for data collection such as 
laboratory experimentation, or interviews). Criteria, however, such as Author or EdItor of 
the source, the Hyperlmk or the Purpose and Goal of the source were not frequently used 
by users to judge relevance. Furthermore, the researchers identified that most of the 
relevance criteria employed were residing in the web-page and not in the metadata 
surrogate. It was concluded, therefore, that surrogates displayed in the search result 
interface of search engines should include more information in order to help users judge 
the relevance of health related information. 
Finally, other researchers, such as XU (2007) have investigated the type of criteria used 
by web searchers in the context of non problem solving tasks, such as in the case of 
epistemic and hedonic searches. It was decided, however, that the review of studies 
investigating non problem solving relevance judgment behaviour is out of the scope of 
this research that is oriented towards problem solving contexts. 
Research on relevance judgment using WWW search engine metadata surrogates as 
experimental independent variables has been influenced by the nature of the WWW and, 
in particular, the debated quality and authority of web content. Researchers like Rieh 
(2002) and Crystal and Greenberg (2006) revealed that metadata surrogates should also 
include information about the quality of the information and its authority. In addition, 
further improvements should be made to the surrogates displayed in WWW search result 
interfaces such as the inclusion of more contextual and relevant to the users' needs 
information as well as the population of metadata surrogates with more metadata 
elements - other than the Title, Abstract and URL - for facilitating relevance judgment 
(Rieh, 2002). 
62 
Chapter 2 - Literature review 
Researchers who studied relevance judgment in the context of the WWW employed 
experimental design techniques that incorporated some of the methods already used by 
the research on usability assessment such as usability tests, as well as the collection of 
qualitative and quantitative data, such as, time needed for identifying relevant 
information and measuring users' subjective satisfaction. In parallel with this 
methodological evolution relevance judgment research on the WWW retained many 
methodological practices of the past, such as: the two-phase investigation of users' 
interaction with both metadata surrogates and full-text documents (named after by Rieh 
as the processes of evaluative and predictive judgment), and the focus on the 
investigation of the metadata elements, criteria and classes-categories of criteria that 
users perceived as useful for judging relevance. Furthermore the studies conducted by 
Rieh (2002), and Crystal and Greenberg (2006) explored novel features in terms of target 
audience characteristics (not necessarily from the academic environment) resource type 
and interactivity (such as Web pages), and finally, metadata content and structure (such 
as unstructured WWW search engine metadata surrogates). Researchers, however, did not 
extend their focus on the investigation of the impact of interface design aspects of 
metadata surrogates on relevance judgment behaviour. 
2.3.4.3. Impact of individual characteristics and task type on relevance judgment 
Recently an interest in user-centred relevance behaviour research has been focused on the 
investigation of the effects of several individual characteristics, such as stage of task 
completion (Taylor et aI., 2007; Vakkari and Hakala, 2000), Anomalous State of 
Knowledge (ASK) (Yuan et aI., 2002), tasks type (Tombros et aI., 2005), level of subject 
knowledge, interest in the search topic, confidence and topic familiarity (Wen et aI., 
2006; Ruthven et aI., 2008), on user relevance judgment behaviour. The results of these 
studies showed that the use of relevance criteria can be subject to changes in individual 
characteristics. Since this thesis is not focused on the effects of individual characteristics 
on the evaluation ofIearning object metadata surrogates a detailed review of these studies 
is out of the scope of the literature review chapter. 
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2.3.4.4. Relevance criteria based on learning object metadata surrogates 
An overview of the literature on user-centred relevance research revealed that no related 
studies had been conducted to investigate the type of criteria employed by students and/or 
teachers to judge the relevance of learning objects and/or learning object metadata 
surrogates. It appears that the only related research in this field had been conducted by 
Small et al (1998) and Plodzien et al (2006). Both studies involved a variety of data 
collection techniques such as semi-structured interviews and questionnaires with school 
teachers. The results revealed a variety of criteria that school teachers employed to judge 
relevance of learning sources, such as: topic, subject, content description, materials, 
forms, grade level, purpose, lesson outline, summary, assessment, prerequisite, audience 
and title oflesson plan among others. Both studies, however, are outdated and focused on 
school teachers' experiences and interactions with learning resources and educational 
digital libraries in general and not with metadata surrogates in particular. In addition, 
neither of the studies was focused on the student population. The study by Plodzien et al 
(2006) did involve participants from the student population, but it was focused only on 
the quality characteristics that users perceived as the most important for evaluating 
leaming objects. Based on the findings of this study researchers provided some 
recommendations for the improvement of the SCORM metadata application profile. 
Plodzien et al (2006) investigated the perceived importance of the type of learning object 
characteristics. Forty seven university students and teachers evaluated 56 learning objects 
(including manuals, e-books and educational multimedia resources) against 18 criteria of 
quality developed specifically for the purpose of this study. The criteria which formed the 
content of the questionnaire, were based on the 'model of effective learning' 17 and did not 
derive from the LOM standard or a LOM application profile. The results showed that 
both teachers and students perceived the content, presentation of new knowledge and the 
use of examples of applying new knowledge as the most important criteria for evaluating 
17 Accordmg to the 'model of effective' a learmng resource should include the following main four 
components· J) an mtroductlOn that includes a presentallon of new knowledge, stimulates and motivates 
leamers; 2) mrun content (presentation of knowledge and use of examples); 3) a summary; 4) an evalual10n 
(e g feedback, self evaluation, problem questIOns) (Plodzien et ai, 2006). 
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the quality of learning objects. In addition, teachers also perceived the criterion of 'self-
evaluation' as an important instructional component, while students perceived the 
existence of a dictionary of key concepts and feedback as important. Based on the results 
of this study, and a group of additional measures identified by the researchers through a 
desk study, some recommendations for improving the SCORM metadata application 
profile were made. The purpose of the recommendations was to enrich the SCORM 
metadata application profile with new metadata elements that would enable users to 
evaluate the quality of learning resources. In particular, these recommendations included: 
the addition of four new child elements under the Educational metadata category of 
SCORM (Didactics. Evaluation, FunctlOnalzty, and Usabllzty), and the creation of two 
new categories of metadata elements: ReusabilIty and Quality. The former element 
category represented information about the potential reusability of the resource (such as 
context and condition for re-using the resource), while the latter included information 
relevant to the quality characteristics of a resource. Although this study provided some 
useful data about the way university students and teachers evaluated the quality of 
learning object, it maintained the focus on the learning objects rather than their metadata 
surrogates. Finally, the focus of the study was not the identification of the 
multidimensional, dynamic and situational nature of relevance criteria used for the 
evaluation oflearning object metadata surrogates and learning objects. 
2.3.5. User-centered approaches (Usability) 
Researchers in user-centred relevance judgment research were focused on the 
identification of the content characteristics of bibliographic records and metadata 
surrogates that influenced relevance judgment behaviour. These content characteristics 
were categorized in different types of relevance criteria and informed the design of 
metadata surrogates with metadata elements that extended beyond topicality or pure 
bibliographic details. However, none of these researchers attempted to investigate the 
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usability of the design of metadata surrogates and its impact on relevance judgment. This 
section attempts to examine whether and how research on the usability evaluation of 
various types of IR systems has attempted to investigate user-interaction with metadata 
surrogates. 
2.3.5.1. Usability of learning object metadata surrogates 
This section covers the research undertaken on the usability of metadata surrogates in 
search result interfaces with an emphasis on learning object metadata surrogates. A 
common characteristic of the studies included in this section is the explicit focus on the 
meta-Ievel usability of metadata surrogates. It is worth mentioning that the findings 
reported in this section traoscend the developing field of learning object metadata 
surrogates covering also research conducted for evaluating the usability of other types of 
metadata surrogates as well. The decision for such broad coverage was based on the fact 
that research on learning object metadata surrogates is very limited. 
In an early study, Fraser and Gluck (1999) investigated the usability of geospatial 
metadata surrogates in search result interfaces of Geographical Information Systems 
(GIS). Their study intended to explore the characteristics of a metadata surrogate that 
users perceived to be importaot for judging relevance. For the facilitation of the purposes 
of this research usability tests and focus groups were conducted with 20 participants (IO 
geographic information science (GIS) students and faculty, and 10 GIS professionals). 
During the usability test users reviewed and accessed three different types of metadata 
records based on different types of metadata schemas such as FGDC18, MARCI9 and 
GILS2o. A think aloud protocol was applied and the sessions were audio and video taped. 
A focus group was used to collect further qualitative data such as users' satisfaction, 
reactions and comments about the "Meta-Ievel usability" of metadata surrogates 
including the interface layout, presentation, display format and other web design features. 
The researchers argued that the "Meta-Ievel usability" had an impact on the way metadata 
18 Federal GeographIc Data Committee http /Iwww fgdc gov/ 
19 Machine Readable CatalogUing http I/www loc goY/marc! 
20 Government Information Locator Service http/lwwwgpoaccess gov/glls"ndex hlml 
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surrogates were assessed by users. This hypothesis, however, was not statistically tested. 
The results of the study revealed that users liked the boldfaced MARC metadata 
elements, the clear and pleasant presentation of the FGDC surrogate and the 'narrative' 
metadata presentation of GILS. However, users did not like the full capitalisation of the 
content of metadata elements. Furthermore, a balance should be maintained as far as 
concerns the length ofmetadata surrogates. For example, users preferred longer and more 
focused (in terms of content) metadata surrogates to smaller and general ones. As far as 
concerns the order of elements in the surrogate, this study suggests that key metadata 
elements, like the title and abstract, should be placed near the top so that they can be 
more visible to the user. The same holds for other key metadata elements identified by 
users such as keywords, descriptors and subject headings. Moreover, the study suggests 
that elements related to the availability and accessibility of the resource such as location 
and cost, should be grouped together and follow in sequence the title, abstract and other 
subjectlkeyword related terms. Consequently, metadata elements providing access or 
arranging access to the resource should follow the key elements like title, abstract, subject 
heading or keywords. 
Although the study by Fraser and GIuck (1999) was focused on geospatial metadata, this 
was the first attempt, reported in the hterature, to investigate the usability and design of 
metadata surrogates in search result interfaces. This study, however, did not measure the 
impact of rnetadata surrogate presentation and design on users' satisfaction and 
performance and did not provide rich data about the design of metadata surrogates in 
search result interfaces. For example, there is no information about various usability 
issues such as the structure and amount of information of the metadata surrogate, or the 
use of highlighting, graphics and abstracts-summaries of the contents of full text 
documents in the surrogates. The following studies represent some attempts by 
researchers to enhance the knowledge and understanding about the presentation of 
learning object metadata surrogates, in search result interfaces as well as other types of 
metadata. 
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Ravasio, et al (2003) identified a set of requirements for user-friendly e-learning metadata 
based on a literature review. These included the use of: pedagogical metadata (such as 
target audience, instructional goal and method); accurate subject metadata; process 
independent metadata; granularity independent metadata; and clear and understandable 
metadata terminology. Finally. they advocated no use of duplicated metadata values. 
Based on these requirements and the results of a desk study that reviewed the literature of 
Personal Information Management Systems (PIMS), Library and Information Science 
(LIS) and Pedagogy, the authors proposed a set of 22 user-centred metadata elements that 
could be used for the description of learning objects. While the study made some useful 
recommendations, the authors did not attempt to discuss issues related to the usability of 
metadata surrogates. 
Some empirical research has been conducted for assessing the usability of learning object 
metadata surrogates. For example, an evaluation study was conducted for assessing the 
usefulness and usability of the UK SearchL T engineering database (SearchLT evaluation 
report, 2002). SearchLT is a database providing access to learning material and resources 
in the subject domain of engineering. The service was developed as part of the UK JISC21 
funded FAIL TE22 project and it is accessible at a national level through the EEVL 23 and 
L TSN-Eni4 services. The data collected for this study derived from a sample of seven 
interviews conducted with lecturers from four UK Universities. The interviews were 
based on tasks that users were asked to perform using the SearchLT prototype system. 
Each session was audio-taped. As far as concerns users' satisfaction with the metadata 
surrogates in the search result interface, some useful data was elicited from this study. In 
particular, the study highlighted a need for designing metadata surrogates for visibility. In 
addition, it revealed that metadata semantics and vocabularies should be adapted to users' 
own vocabularies. Participants liked the fact that the content of the metadata surrogate 
was divided into sections and it was not included in a single and information cluttered 
21 JOint Information Systems Committee http IIwww usc ac ukl 
22 FaCilitating Access to Information on Learning Technology for Engineers FAIL TE Home page, 
2002 http Ilwwwfallte ac uklindex html [accessed 14082006) 
23 Edinburgh Engineering Virtual Library the Internet GUide to Engineering, MathematiCs and 
Computing EEVL I FAQ, 2006. http IIwww eevl ac uk/fag htm , [accessed 12 08 2006) 
24 The Learning and Teaching Support Network subject centre for Englneenng Engineering 
subject centre, 2006· http/lwwwengscac ukl, [accessed 12082006) 
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metadata surrogate. The study showed, however, that there was a need for tabs to be 
made visible for users to identify and access the different components of the metadata 
surrogate. In terms of element usefulness for relevance judgment, users in the study 
preferred viewing the main 'URL' of the source, the 'general description', 'cost', 
'copyright', and 'technical requirements' elements. Elements such as "educational 
description, educational level, reviews, resource type, language and medium", however, 
were considered to be less useful (SearchL T evaluation report, 2002). 
While the SEARCH LT study employed a set of interviews, the MetaTest project in U.S. 
employed a multi-method approach. The MetaTest was a U.S. NSF-funded project 
initiated by the Centre for Natural Language Processing, School of Information Studies, 
Syracuse University and the Human-Computer Interaction Group at Comell University. 
The project included a user study examining what metadata elements were most 
frequently used by users to search for and evaluate learning objects (Liddy, et aI, 2003). 
As part of the study, a pilot usability test was conducted based on eye-tracking 
technology and the think aloud protocol. The usability test tested users' interaction with 
three different metadata surrogate displays in a prototype search result interface. 1. 
surrogates with textual descriptions only (i.e. surrogates with human generated abstract 
only), 2. surrogates with GEM metadata only, and 3. surrogates with both descriptions 
and GEM metadata. The metadata schema used was based on GEM (a Dublin Core 
application profile). The study revealed that users preferred viewing the descriptions of 
learning objects rather than the other metadata elements of GEM. When the description 
was not present then users tended to focus on other metadata elements and specifically 
the Title, Subject, Rights and Creator elements. Users also suggested some further 
information that could be included in metadata surrogates for learning objects as a means 
for facilitating relevance judgment. These included: relevance ratings, reviews and 
comments from others who had undertaken similar searches (Diekema, 2006). 
From the studies reported here, one was based solely on a desk study (Ravasio et aI, 
2003), while the remaining employed experimental techniques, such as usability tests, 
and interviews. The studies designed for the SearchL T (SearchLT evaluation report, 
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2002) and MetaTest project (Liddy, et ai, 2003; Diekema, 2006) had many unique 
characteristics that differentiate them from each other. For example, the MetaTest project 
examined users' interaction with search result interfaces that were based on GEM 
metadata. In addition, the study employed an experimental design and explored 
methodological issues such as the appropriateness of eye tracking device to provide 
useful quantitative data for further analysis. The study, however, was focused on the 
identification of metadata element usefulness for relevance judgment and not on the 
meta-level characteristics that should guide the design of usable learning object metadata 
surrogates. The SearchL T project was more focused on the meta-level usability of 
learning object metadata surrogates in search result interfaces. The data collected, 
however, was heavily derived from interviews conducted in a relatively small sample 
size. Moreover, the SearchLT learning object repository was based on the FAILTE 
metadata application profile (a LOM application profile) while the Meta Test project was 
focused on GEM metadata (a DC application profile). Both studies, however, involved 
Higher Education teachers as participants neglecting the end-user community of 
university students. 
The study on the SearchLT system confirms that well established usability heuristics such 
as the need for visibility and user centred tenninology also apply in the: design of search 
result interfaces that contain leaming object metadata surrogates. The study also proposed 
that the contents of metadata surrogates should be divided into clusters and not displayed 
in a single and information cluttered surrogate. This issue was not raised in previous 
studies, however. Both studies conclude that the presence of a description-abstract of the 
contents of a learning object is important for users to judge the relevance of a learning 
object. This finding aligns with the results of other studies that measured the usability of 
metadata surrogates (see for example, Fraser and Gluck, 1999) and in particular in the 
early relevance judgment behaviour research (Mizzaro, 1997) (see Section 2.3.4 for a 
review). 
Other researchers have examined user interaction with specific components of metadata 
surrogates such as the abstracts-descriptions, keywords and categories (Drori, 2000; 
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2003; Paek, et al. 2004), amount of information (Joho and Jose, 2008) or the display of 
thumbnail previews (Dziadosz and Chandrasekar, 2002). The majority of these studIes, 
however, have been conducted in the context of the web search engines. Some of these 
studies are reviewed in the remainder of this section. 
2.3.5.2. The effects of the presentation of an abstract-summary 
Previous research in user-centred relevance has verified the importance of a description 
or summary or abstract as a facilitator of the relevance judgment process. Little is known, 
however, about how descriptions or abstracts should be displayed to users. Drori (2000; 
2003) investigated this issue through a series of experiments in prototype IR systems. The 
first experiment was conducted with 128 postgraduate students in Business and 
Information Science. A within subjects design was employed that required all users to 
complete a set of four tasks (web search tasks) across three different interfaces. The first 
interface listed only the titles of the retrieved documents, the second interface listed the 
titles and the first lines of the document, and the third interface included the title and a set 
of sentences form the document that included users' query terms inline. Data was 
collected through observation and completion of feedback forms. Data collected included 
users' subjective satisfaction, correctness of answers, time needed for finding the correct 
information and subjective rating of the degree of relevance of the displayed information 
in each of the three interfaces. The findings of the study revealed that users preferred and 
were more satisfied with the third interface where a title and lines relevant to the user's 
query appeared. In addition, the third interface was less time consuming for users to 
judge relevance. 
The experiment was repeated with 51 participants. This time, however, some 
modifications in the search result interfaces occurred. The changes included the addition 
of keywords. Three new types of interfaces were developed, that included metadata 
surrogates with: titles and keywords; titles, the first lines from the document and 
keywords; and titles, relevant lines to the search context (Le. lines that included the query 
terms inline) and keywords. The findings revealed that users felt more satisfied and 
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confident with the latter type of interface, which also was less time consuming to use 
when performing difficult search tasks. 
A third experiment followed with 75 participants interacting with four different search 
interfaces. The new variable added to the search result interface was the addition of 
categories (for example classification of documents in categories). The four types of 
interfaces were: titles and first lines of the document; titles first lines of the document and 
categories; titles, lines by search context; and titles, lines by search context and 
categories. The findings revealed that users felt more comfortable, confident and made 
more useful relevance judgments when examining the fourth interface that included both 
lines in context and subject categories. In addition, in the case of the fourth interface, 
users took less time to identify relevant information. 
Finally, a fourth experiment was conducted. The interaction of a total of 61 participants 
with four interfaces was observed and analysed. The new variables in the study were: the 
intemet address (URL), common words and the organisation name. The new interfaces 
included the following four types of metadata elements per surrogate: titles, lines by 
search context and categories; titles, lines by search context and internet address; titles, 
lines by search context and common words; and titles, lines by search context and 
organisation name. The findings revealed that users felt more confident and judged 
document relevance more effectively and in less time when examining the interface that 
presented the title, the lines by search context and common words in the search result 
page. Similar findings were found by Orori in a follow up experiment that investigated 
the impact of contextual phrases, categories and keywords on different sample 
populations, such as IT professionals (Orori and Alon, 2003) and cultural groups (Orori 
and Tamir, 2005). Based on the findings mentioned above, Orori developed the LCC&K 
(Line in Context, Categories & Keywords) prototype interface. This interface presented 
the results in a ranked list similar to Google but each metadata surrogate included 
additional information, such as the phrases in context, categories and keywords. Tests 
followed that compared the LCC&K interface with Google (Orori and Tamir, 2005). 
When the prototype system was compared to Google the findings of the comparative 
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usability test revealed that users were significantly more satisfied with the LCC&K 
interface. In particular, users found the LCC&K interface to be easier to use. 
Furthermore, the results showed that the participants were more confident about their 
relevance judgments using the LCC&K prototype rather than the Google search engine. 
No statistically significant differences, however, were observed between Google and 
LCC&K as far as concerns the time needed by users to find relevant documents. 
While Drori's experiments revealed the superiority of using contextual sentences 
(sentences that displayed users' query terms in context), Paek et al (2004) tested the 
impact of dynamically displaying such sentences in the metadata surrogate on users' 
performance and satisfaction. Paek et al (2004) tried to address this issue by comparing 
the usability of three different display modes of the surrogates included in the search 
result interface of a prototype web search engine. The three interfaces were: the normal; 
instance; and the dynamic mode. The normal mode was similar to the way results were 
presented in common search engine result pages and included the title, the summary (the 
first lines of the document) and the URL of the document retrieved. The instance mode 
provided the opportunity for users to view more information in the summary section of 
the surrogate. Finally, the dynamic mode displayed additional information. Both the 
instance and the dynamic mode provided text that included terms or phrases used in the 
search query in context. Unlike the instance mode, however, the dynamic mode displayed 
information automatically every 750 msecs. To address the objectives of this study Paek 
et al employed a within subjects experimental design that required all subjects to 
complete a set of search tasks using the three types of interfaces. A total of 18 subjects 
participated in the study. Data collected included the time needed for users to find 
relevant information and users' subjective satisfaction. The results revealed that 
participants performed the tasks faster and were significantly more satisfied with the 
instance and the dynamic interfaces rather than the normal mode. This confirms Drori's 
findings about the importance of including summaries that contain query terms in 
context, rather than the first sentences of the document. Furthermore the results of the 
study revealed that participants were more satisfied and performed the tasks faster with 
the instance mode rather than the dynamic view. 
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2.3.5.3. The effects of the amount of information 
The amount of information included in metadata surrogates has not been investigated in 
depth. Some early studies in user-centered relevance behaviour research (see for example, 
Marcus et aI., 1978; and lanes, 1991) showed that participants tended to make more 
accurate relevance judgments when they interacted with samples of bIbliographic records 
that included both bibliographic details and an abstract rather than with records that 
included less information (for example, bibliographic details only). In modern interactive 
information retrieval research, loho and lose (2008) investigated the effects of the 
amount of information of metadata surrogates in search result interfaces of search engines 
on users' relevance judgment behaviour. A total of 24 postgraduate students from the 
University of Glasgow participated in the study. The research design involved the 
completion of background questionnaires, the performance of four search tasks using four 
search engine prototypes that differed in the way metadata surrogates were displayed, the 
completion of post search satisfaction questionnaires and participation in post-search 
interviews. The four search engine prototypes differed in terms of the amount and type of 
information included in the metadata surrogate. The four types of metadata surrogate 
displays were: the baseline (a Google-type surrogate that included the title, few sentences 
that presented the query terms inline and the URL of the webpage); the baseline + Top 
Ranking Sentences / TRS (the top ranking sentences were produced through a query-
based summarization technique); the baseline + Thumbnail; and the baseline + Top 
ranking sentences + thumbnail. Participants were asked to perform a set of four search 
tasks using the four interfaces. The four tasks were: a background task, a decision-making 
task, a known item task and a topic distillation task. During the performance of the tasks 
participants were asked to bookmark the relevant web-pages. Data collected included 
browsing behaviour and click-through URLs, the time needed to complete each task as' 
well as participants' ratings and preferences. The data analysis involved a set of Mann-
Whitney statistical tests in order to identify differences between the four types of 
metadata surrogates. The results revealed statistically significant differences between the 
baseline interface and the other three types of metadata surrogates. In particular, the 
presence of additional information in the surrogate (such as thumbnails and TRS) 
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increased the number of search result pages reviewed and decreased the number of web 
pages accessed by participants in the study. Therefore, the researchers suggested that the 
inclusion of added information in the surrogate strengthens users' confidence of their 
relevance judgments at the micro-level of the metadata surrogate and minimizes the need 
for users to access and review the web page itself (especially in the case of web-pages 
that were not relevant). No significant, differences, however, were observed in the case of 
the time spent by participants to perform the four tasks using the four metadata surrogate 
displays. Finally, the analysis of the subjective satisfaction questionnaires showed that 
participants found easier to judge the relevance of the retrieved output and were 
significantly more satisfied with the metadata surrogate displays that included added 
information (thumbnails and TRS) rather than the baseline type of surrogate (Le. the 
Google-type of surrogate). 
2.3.5.4. The effects of the presentation of a thumbnail 
Web technology has provided designers with the opportunity to enhance traditionally 
textual metadata surrogates with visual components, such as the use of thumbnails. 
Thumbnail previews present a snapshot of a webpage or document retrieved. Research is 
scarce, however, about their effects on users' relevance judgment. Dziadosz and 
Chandrasekar (2002) conducted a usability experiment in order to investigate whether 
thumbnail previews helped users to judge the relevance of metadata surrogates in WWW 
search result interfaces., The experiment involved three conditions. The first was a textual 
only search result interface, the second represented a thumbnail only search result 
interface and the third displayed a search result interface that included both text and 
thumbnails. Each search result interface presented a total of 15 metadata surrogates. 
Thirty five subjects participated in the study. Each participant was asked to perform two 
search tasks using all three interfaces. The sequence with which the three interfaces were 
presented to participants in the study was counterbalanced to minimise the learning 
transfer effects. Data collected included the time needed for participants to judge the 
relevance and the accuracy of their relevance judgments (for example, the number of 
correct and incorrect relevance judgments). The results of the study revealed that users 
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made more accurate relevance judgments when both thumbnails and text were present in 
the search result interface, but participants needed less time to judge relevance in the case 
of the thumbnail only interface. The researchers, however, did not report whether the 
differences found between interfaces were statistically significant. 
Joho and Jose (2006) investigated the impact of thumbnails on users' relevance judgment 
behaviour. They compared four different displays of metadata surrogates in the search 
result interface of a search engine. The first display used Google as a baseline, and for 
each metadata surrogate, included the title, a snippet, the URL, information about the size 
of the document and two links for cached pages and similar pages respectively. The 
second interface enhanced the baseline display by providing three top ranking sentences 
(TRS) per record. The three sentences were displayed under the snippet and differed from 
the latter through the use of background colour. In addition the query terms presented in 
the top ranking sentences were highlighted for visibility. The third interface enhanced the 
baseline display with a thumbnail image of the web document. The 112 (width) x 82 
(height) pixel image was positioned on the left of each surrogate. Finally, the forth 
interface was a combination of the three aforementioned interfaces and included all 
information presented in the baseline interface, the three top ranking sentences (2nd 
interface) and a thumbnail (3,d interface). A total of 24 subjects participated in a within 
subjects experiment. Participants were asked to fill in a pre and a post search 
questionnaire and perform a set of four search tasks using the four prototypes. The four 
tasks were: a background task, a decision making task, a known item tasks and a topic 
distillation tasI2s. Data collected included the time needed for users to complete the tasks, 
users' preferences and subjective satisfaction. Further qualitative information was 
collected through a de-briefing interview with each participant. The findings revealed that 
participants needed less time to perform the task in the case of the third and fourth 
interface where a thumbnail was presented. Further observation of users' performance 
showed that users accessed more web documents and evaluated less surrogates using the 
baseline interface. Based on this finding the researchers concluded that the presence of 
25 ThiS task asked users to find a hst of the key resources for 'deSigner handbags' and valued 
more the Visual aspects of a document. 
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thumbnails and top ranking sentences increased user confidence about their relevance 
judgments minimising the need of accessing the individual web pages for confirmation of 
their initial judgment. In addition, this increase in confidence led users to judge more 
surrogates beyond the first 10 hits retrieved. The analysis of the subjective satisfaction. 
questionnaire revealed that users found that relevant documents were easier to identify 
and that they were more confident about their relevance judgments using the fourth 
interface (top ranking sentences + thumbnail) rather than the other interfaces. Finally, as 
far as concerns the usefulness of metadata elements for relevance judgment, the title was 
perceived as the most useful element followed by the snippet, the top ranking sentences 
and the thumbnail. In particular, the thumbnail was the most useful element when users 
performed the topic distillation task. Thus, the findings imply that there is a task effect on 
the level of usefulness that users assign to metadata elements. The presence of this effect, 
however, was only implicit and was not statistically confirmed in this study. 
2.3.5.5. Effects of the structure and sorting of met ad at a elements in the surrogate 
While research confirms the importance of designing metadata surrogates produced by 
web search engines with new elements such as contextual sentences, keywords, 
categories and thumbnails, there is a debate among researchers as to whether the 
metadata elements within the metadata surrogate should be displayed in list or tabular-
based format (Rele and Duchowski, 2005; Resnick et aI., 2001; Granka et aI., 2004). ReIe 
and Duchowski (2005) investigated the hypothesis that tabular search result interfaces 
can provide users with more accurate and efficient scanning of the metadata surrogates 
than list interfaces. Tabular search result interfaces organise results into element 
categories or element columns, while list interfaces display them in ordered lists. The 
search result interface of Google is a typical example of a list interface. Rele and 
Duchowski developed a tabular interface that divided metadata elements or parts of the 
metadata surrogate into columns. These parts were: the Title, Abstract and the URL of 
the source. The three elements were also included in the list interface that resembled the 
way results are displayed by common search engines like Google. The researchers 
observed the ocular behaviour of 16 test participants while performing four tasks (two 
navigational and two informational tasks) across the two interfaces. An eye tracking 
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device was used for recording users' eye movement while interacting with the interfaces. 
Data collected included time, errors, eye movement transitions, number and duration of 
fixations. In addition, further quantitative data was collected through the use of post-test 
questionnaires. The results did not reveal any significant differences between the two 
interfaces in terms of time, errors, duration and number of fixations. The study, however, 
revealed that users tended to focus on the abstract for evaluating the usefulness of the 
resources. The results of this study, however, have been challenged by other researchers. 
For example, Resnick et al (200 I) revealed that the participants preferred more the use of 
a tabular search result interface to a list-based one, while Granka et al (2004) found that 
list-based search result interfaces do not provide efficient scanning of all the results 
displayed. 
So far the studies discussed in this section of the literature review Chapter have been 
focused on the presentation of the components of different types of metadata surrogates 
in search result interfaces of web search engines (micro-level). The remainder of this 
section presents a short summary of research about how metadata surrogates should be 
ranked and presented in search result interfaces to provide a better overview of the results 
retrieved (macro-level). Although this thesis is not focused on methods for the 
organisation of results retrieved in search result interfaces, the review of this body of 
> 
research can enhance the understanding of users' interaction with metadata surrogates in 
search result interfaces. 
2.3.5.6. Ranking and visualization of met ad at a surrogates in search result overviews 
Usability tests have been extensively applied for the investigation of user performance 
and satisfaction with different displays of search result overviews, such as ranked lists, 
clustered and category-based interfaces (Dumais, et al. 200 I). In addition, researchers 
have examined the application of information visualization techniques for the 
representation of search results (see for example, Alonso et aI., 2007; Probets, 2002; 
Sebrechts et aI., 1999; Fumas, 1986). The majority of these studies were focused on the 
organisation of the metadata surrogates displayed as hits in search result interfaces of 
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search engines (macro-level) and not on the internal characteristics of a metadata 
surrogate either at an overview or preview search result interface (micro-level). 
Researchers who compared the usability between list, clustered and category-based 
search result interfaces (for example, Dumais et aI., 2001; Pratt, 1999) have concluded 
that participants in their studies performed better and were significantly more satisfied 
with search result interfaces that grouped the retrieved surrogates into clusters or 
categories rather than standard list-based interfaces. 
Furthermore, the impact of visualization on users' performance and satisfaction is still 
debated. For example, Sebrechts et al. (l999) found that clustered textual interfaces were 
significantly more time efficient for users to judge the relevance of the retrieved 
surrogates than the 2D and 3D clustered search result interfaces. Rivadeneira and 
Bederson (2002), however, did not identify significant differences in ,terms of the 
accuracy of task completion and search time between clustered textual interfaces and 
Grokker, a 2D zoomable interface. Subjective satisfaction results from both studies, 
however, agree that users were significantly more satisfied with the clustered textual 
interfaces which they perceived as being more stimulating, easy to use, flexible and 
readable than their visual counterparts. 
Since this thesis is focused on the micro-level evaluation of leaming object metadata 
surrogates, an in depth discussion of studies investigating the presentation of search 
results at the macro-level is out of the scope of this literature review. 
2.3.6. Discussion about the evaluation of metadata surrogates 
The literature review revealed a lack of studies investigating how learning object 
metadata surrogates in search result interfaces of LORs should be designed to meet the 
needs of university students for relevance judgment. As stated previously only a few 
studies by Small et al. (1998) and Plodszien et al (2006) have tried to identify what type 
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of metadata elements university and K-12 teachers perceived to be more useful when 
judging the relevance of learning objects. These studies, however, were not focused on 
university students' needs and did not investigate the meta-level usability of learning 
object metadata surrogates. Although human interaction with learning object metadata 
surrogates was investigated by Liddy et al (2003) and the Search LT project (SearchLT 
evaluation report, 2002), these studies were limited in scope. For exarnple, Liddy et al 
were focused on methodological innovations and specifically the application of eye 
tracking for the collection of data about searchers' interaction with learning object 
metadata surrogates. The evaluation of the SearchL T learning object repository was 
focused on the evaluation of the system as a whole and only marginally addressed 
usability issues related to the search result interface (i e. in terms of meta-level usability). 
In addition, none of these studies was focused on the needs of university students. 
Finally, none of the reviewed studies attempted to propose a methodological framework 
for the evaluation of metadata surrogates in search result interfaces and learning object 
metadata surrogates in particular. Therefore, there are three research questions that arise 
from the literature review. These are: 
1. What type of content, such as metadata elements, should be included in learning 
object metadata surrogates in order to help students judge the relevance of 
learning objects? 
2. How should learning object metadata surrogates be presented in order to optimise 
students' interaction with search result interfaces and help them judge the 
relevance oflearnmg objects? 
3. What recommendations should be provided to designers of e-learning systems 
and metadata specialists about the design of learning object metadata surrogates 
in search result interfaces and the enhancement of the semantics of existing 
learning object metadata standards, such as LOM and DC-Ed? 
These three questions informed the set of objectives presented in Section 1.1. The 
remainder of this section makes use of the previous section in order to discuss the main 
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factors affecting user interaction with metadata surrogates, and learning object metadata 
surrogates in particular. These factors have been divided into four sub sections: 
1. Presentation of metadata surrogates. 
2. Content of metadata surrogates. 
3. Effects of individual characteristics. 
4. Task effects. 
Although this thesis is focused on the examination of the first two factors (Le. content and 
presentation), individual characteristics and task effects are also discussed in order to give 
a bigger picture of the factors that can affect the evaluation of metadata surrogates. The 
identification of each factor and its components was based on the review of the studies 
reported in the previous sections (2.3.1 - 2.3.4). In addition, where appropriate the 
discussion ofthese factors is coupled with theories and empirical findings from the fields 
of visual search behaviour in the web and cognitive psychology. 
2.3.6.1. Presentation of met ad at a surrogates in search result interfaces 
This section summarises and discusses the findings of the studies that were focused on 
the impact of the presentation of metadata surrogates on users' preferences, satisfaction 
and performance. These studies were reviewed in section 2.3 5. The analysis of the 
studies suggested several factors that need to be investigated in the context of learning 
object metadata surrogates. These are summarised below: 
• Font type and size. 
• Amount of information and text 
length 
• Display of an abstract-summary. 
• Highlighting of key and query 
terms. 
• PosItIOning of metadata elements. 
• Use of colour and contrast 
• Graphics (such as the use of 
thumbnails) 
• Metadata surrogate structure. 
• Added functIonality. 
• Sorting of metadata surrogates 
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Font type and size 
The issue of the size and type of fonts used in metadata surrogates has been only 
marginally investigated. For example, Fraser and Gluck (1999) and Su (2003) using 
qualitative data collected from participants, suggested that large and clear font types 
should be used. This aligns with general usability heuristics that suggest the use of clear 
font types, such as Arial, and visible character sizes (such as 12 and 14 pt) (Nielsen, 
2000). A study by Ling and van Schalk (2006) revealed no significant effects offont type 
(Time 12 pt versus Arial 10pt) on the accuracy and the speed of visual searching in web 
pages and web navigation. This study, however, did not compare a wide range of font 
types and sizes and their effects on the identification of relevant information. 
Amount of information and text length 
The impact of the length of the contents of metadata elements on users' relevance 
judgments was investigated early in user-centred relevance behaviour research by Marcus 
et al· (1978) and Jane (1991). None of these studies, however, provided a clear answer 
about the relationship between the length of metadata content and the effectiveness of 
relevance judgments (Mizzaro et aI., 1997). For example, Marcus et al. (1978) found that 
users were significantly more satisfied with lengthy metadata elements, such as the 
abstract, subject, matching terms and title. Janes (1991) however, found no statistical 
significant differences between length of metadata elements and relevance judgment. A 
more recent study in visual search behaviour, by Ling and van Schaik (2006) revealed 
that text of moderate length (for example, around 70 - 85 characters per line) could better 
support web searchers' performance. In particular, the findings of this study showed that 
the visual searching was faster with 85 and 100 characters per line (cpl) rather than with 
55 and 70 cpl, and more accurate with 70 cpl rather than 85 cpl. The results of user 
subjective satisfaction also revealed that users preferred shorter line lengths. 
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In terms of the amount of information included in the metadata surrogate, most 
researchers agreed that participants in their studies identified relevant information faster, 
performed better, were more satisfied and made more accurate relevance judgments when 
they interacted with surrogates that were rich in metadata. For example, in the context of 
web search engines, Joho and Jose (2008), found that participants performed better with 
surrogates that included a title, a few sentences with the query terms highlighted in-line, 
top ranking sentences and thumbnails than standard search engine surrogates that 
displayed a title and a few sentences of content only. The findings of the research 
conducted by Drori and colleagues were also similar and align with the results presented 
by researchers in user-centered relevance judgment behaviour research (Barry, 1998; 
Tang and Solomon, 2001; Rieh, 2002). These researchers found that bibliographic 
records and metadata surrogates should contain different types of metadata elements in 
order to meet the dynamic and multidimensional needs of the relevance judgment 
process. However, Fraser and Gluck (1999), in their study of geographical I?etadata 
surrogates, suggested that designers should avoid to display metadata surrogates that are 
long and complex. 
Display of an abstract 
Several researchers have investigated the impact of different displays of auto-generated 
abstracts or summaries presented in the search result interface of web search engines on 
users' relevance judgment performance. The results from this body of research suggest 
that abstracts should present a set of original sentences extracted from the retrieved 
document that include the query terms inline. In this case query terms should be 
highlighted for visibility. For example, Drori (2000; 2003) in a series of usability 
experiments in the context of web search engines revealed that users were more satisfied 
and performed the tasks faster and more accurately when the abstracts presented in the 
surrogate included sentences in context (Le. sentences that included the query terms 
rather than the first sentences of the document). This was also confirmed in research 
conducted by Joho and Jose (2006). Except for the presentation of sentences that include 
query terms highlighted inline, research has also revealed that the presence of top ranking 
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sentences can improve user performance during relevance judgment (Joho and Jose, 
2008; White et aI., 2005). Other researchers, such as Paek et al (2004) and Dumais et al 
(2001), found that users were less satisfied and performed the tasks slower when the 
contents of the abstracts were displayed dynamically (for example, when chunks of text 
were displayed every 750 msecs or when hovering was used). However, there is no 
published research investigating user interaction with human generated abstracts in the 
context ofIR systems. Although there is evidence of research in the case of the abstracts 
presented in papers of scientific journals (see for example, Hartley, 2002; 2000) this 
research does not involve abstracts or summaries presented in metadata surrogates. The 
inclusion of human generated abstracts is more common in the context oflearning object 
repositories since their scope is to provide to the leamer with a summary of the 
educational value of a learning object and not merely a summary about the content of a 
learning object. 
Highlighting and positioning of query terms and key metadata elements 
Previous studies have shown that the highlighting of query terms in the auto-generated 
abstracts presented in the search result interface of web search engines improved the time 
needed for users to find relevant information (Drori 2000; 2003). Researchers have also 
proposed that highlighting of the most important metadata elements in a surrogate can 
improve users' relevance judgment performance (Wang and Soergel, 1998; Su, 2003; 
Clark, 2004). For example, Su (2003) reported that many participants perceived that the 
highlighting of the key elements, such as the title and abstract, speeds up the scanning of 
metadata surrogates. These researchers also proposed that the most important elements 
for relevance judgment should be placed on the top of the metadata surrogate. Similar 
were the findings of an earlier study conducted by Wang and Soergel (1998). As opposed 
to these studies, Fraser and Gluck (1999) found that participants preferred the positioning 
of content related metadata before metadata elements about the technical characteristics 
or metadata about rights managements. This can be attributed to the fact that participants 
used the content related metadata more often in order to judge the relevance of 
information objects than technical and rights metadata. This was empirically tested in the 
84 
Chapter 2 - Literature review 
field of visual search behaviour in computer screen menus by Liu et al (2002). In this 
study, Liu et al (2002) found that the positioning ofthe most frequently used menu items 
on the top of the menu could improve visual search. 
Colour and contrast 
The literature review revealed a lack of studies on the impact of colour contrast on users' 
interaction with metadata surrogates in search result interfaces. Only Su (2003) ~eported 
that participants did not prefer the use of black and white colour as well as the use of very 
light colours. Research on visual search in the Web, however, provides some useful 
recommendations about the use of colour contrast. For example, Ojanpaa and Nasanen 
(2003) investigated the impact color contrast on the efficiency of visual search and 
reading. The results of their experiments revealed that there was an effect of character 
luminance on visual search times and the number of fixations per search. For example, in 
the case of characters that did not contrasted well with the background colour, more time 
and eye fixations were recorded. This seems to be the case for interfaces with both 
moderate and high colour contrast between text characters and the background (for 
example, green/grey represents a moderate contrast effect, while yellowlblue and 
red/green a high contrast effect). Thus, researchers proposed the use of text characters 
with high luminance in cases of both moderate and high contrast interfaces. Similar 
findings were found by Ling and van Schaik (2002) who suggested the use of high 
luminance contrast in higher contrast background (such as yellow and blue or black and 
white). There is no consensus, however, about whether blue colour should be used as a 
standard link colour and Pearson and van Schaik (2003) provide a debate about this. In 
their study, however, they concluded that designers should keep using blue as a standard 
link colour. In particular, Pearson and van Schaik (2003) found that participants searched 
faster, made less errors and were more satisfied with the use of blue links. This finding 
aligns with general usability heuristics about the use of blue as a standard link colour in 
the web (Nielsen, 2000). 
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Use o/Graphics (including thumbnails) 
The use of icons and graphics in the design of metadata surrogates has not been 
investigated extensively. Several researchers, however, have focused on the impact of 
thumbnails on users' relevance judgment. For example, Dziadosz and Chadraschar 
(2002) revealed that the use of thumbnails in textual metadata surrogates increases the 
speed and the accuracy of users' relevance judgments. In addition, Joho and Jose (2008; 
2006) concluded that the presence of thumbnails and contextual sentences (for example, 
sentences extracted from the text with query terms highlighted inline) can increase users' 
confidence about their relevance judgments and can minimise the time needed for finding 
relevant documents. In addition, Joho and Jose (2008; 2006) found that thumbnails were 
particularly useful for specific types of tasks, such as the topic distillation task, that asked 
them to make relevance judgments based on the structure and presentation of Web pages. 
Other researchers have investigated the effects of graphics and icons in visual searching 
in the Web. For example, Tzanidou et al (2005). Finally, in another study, Fleetwood and 
Byme (2006) concluded that there was an effect of the number and quality of icons on 
users' response time and eye fixations. In particular, they identified that as the quality of 
an icon increases and as the number of icons in an interface decreases, the response time 
decreases too. The same holds for the number of eye fixations which is proportional to 
the number oficons (set size) and the quality of the icons (Fleetwood and Byrne, 2006). 
Metadata surrogate structure 
There is a debate in the literature about whether metadata elements within a surrogate 
should be displayed in a list, tabular, or clustered format. For example, Rele and 
Duchowski (2004) found no significant differences in terms of errors, duration and 
number of fixations between list and tabular metadata surrogates. Resnick (2001), 
however, revealed that users preferred the tabular display of metadata elements. These 
studies were conducted in the unstructured context of web search engines and did not 
investigate users' interaction with metadata surrogates based on more structured and rich 
metadata standards, such as the LOM standard. In addition, these studies were focused on 
metadata surrogates or snippets displayed in search result 'overview' interfaces rather 
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than surrogates displayed in 'preview' interfaces. One of the few studies in the context of 
leaming object metadata surrogates at the preview level was conducted for the evaluation 
of the Search LT leaming object repository (SearchL T evaluation report, 2002). The 
researchers in this project found that users preferred the content of long metadata 
surrogates to be divided into clusters and not be arranged in a single and information 
cluttered interface. The impact of list-based and clustered metadata surrogates, however, 
on users' performance and satisfaction was not statistically tested. 
Researchers also suggest that the sorting or grouping of elements should be made 
logically according to a similarity criterion (such as relevance and importance to the user) 
or users' preferences (Shreeves and Kirkham, 2004; Kim, 2005; Wang and Soergel, 1998; 
Fraser and Gluck, 1999). For example, Fraser and Gluck (1999) suggested that key 
metadata elements, such as the title and the abstract should be displayed at the top of the 
surrogate. However, elements related to the availability and accessibility of the resource 
(such as location and cost) should be grouped together and follow the key elements in 
sequence. 
These findings about the organization of metadata elements in metadata surrogates are in 
accordance with research on visual search that influenced the design of menus in the web. 
For example, Mehlenbacher et al (1989) suggested that the organisation of items on 
menus should be based either on alphabetical or semantic-functional criteria. In this case, 
the former type of organisation (alphabetical) can better support dIrect search conditions 
(for example, the name of a menu item is already known to a user) while the latter 
(semantic) is more efficient in the case of iconic conditions (for example, users do not 
know the exact name of a menu item that corresponds to their information need). 
Fleetwood and Byrne (2006) also supported the need for grouping similar or relevant 
items as users tend to search for information nearest to the current fixations point. Other 
researchers, such as Shneiderman and Plaisant (2004) and Liu et al (2002) have suggested 
the grouping of items based on their frequency of use or their importance. Studies have 
also shown that users performed better using menus that group items into default 
categories or user-controlled menus rather than adaptive menus (Mitchell and 
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Shneiderman, 1989; McGrenere et al., 2002). Finally, research by Homof (2004) revealed 
that users tended to search faster for a targeted item in labeled rather than unlabelled 
groups of items. 
Added functionality of metadata surrogates 
Technologies, such as Java, HTML and XML, have facilitated the design of more 
interactive textual metadata surrogates. Some examples of interactive components of 
metadata surrogates include the ability to follow links that lead to other ,relevant 
surrogates as well as the opportunity to print, save or e-mail the contents of a metadata 
surrogate as well as the provision for direct access to the full text document. Although the 
impact of these interactive components of a metadata surrogate on the relevance 
judgment behaviour and interaction has not been investigated in depth, several 
suggestions have been made by researchers. For example, links or pointers to related 
metadata surrogates should be included in the surrogate (Su, 2003), pop-up windows 
should provide users with information about whether and how they can save, email, or 
print the metadata surrogates (Clark, 2004) and access to the full text resource should be 
easy and straightforward (Shreeves and Kirkham, 2004). 
Sorting of met ad at a surrogates in search result 'overviews' 
Many researchers revealed that users performed better and were more satisfied when they 
interacted with metadata surrogates that were displayed in category-based and clustered 
interfaces, rather than ranked lists (Dumais et aI, 200 I; Pratt et al., 1999; Kules et al., 
2006). Research that compared textual and visual interfaces found that users were still 
familiar with the textual interfaces which they perceived as more easy to use, flexible and 
readable (Sebrechts et al., 1999; Morse et al., 2002). Findings from several studies 
revealed that users preferred the organization of search results to be consistent and based 
on the relevance of the retrieved documents to the users' query (Su, 2003; Shreeves and 
Kirkham, 2004). They also found that relevance ranking should be provided in the 
metadata surrogate (Su, 2003; Kules et aI, 2006). In addition, users should be in control 
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of how metadata surrogates were sorted. Thus, mechanisms for sorting results according 
to various criteria (such as the title, relevance or type of material) should be provided to 
the user (Su, 2003; Kim, 2006). Finally, the majority of researchers in the field agree that 
users rarely evaluate metadata surrogates displayed below the page break. Therefore, 
clustered and category based organization of search results provides users a better 
overview of the retrieved results without requiring them to scroll down long lists or 
navigate across several result pages (Granka et ai, 2004; Kules et ai, 2006; Hearst, 2006; 
Pratt et aI., 1998). 
2.3.6.2. Content of met ad at a surrogates 
The literature review revealed that researchers have examined the type of content that 
I should be included in metadata surrogates in a variety of information seeking contexts, 
including academia (Barry, 1998), weather forecasting (Schamber, 1991 cited in Barry 
and Schamber, 1998), health information (Crystal and Greenberg, 2006) and digital 
image collections (Zhang et aI., 2004). None of these studies, however, examined what 
type of content leamers preferred when judging the relevance of learning objects. As 
stated previously research conducted by Small et al (1998) was focused on the needs of 
school teachers, while the study by Plodzien et al (2006) examined students' needs but 
from the point of view of the quality oflearning objects. Thus, there is a need for research 
to address this gap and provide insight about what learning object metadata elements and 
what criteria learners employ when they evaluate the relevance of learning objects. At 
this point it is worth explaining how metadata elements and relevance criteria relate in the 
formulation of the content of metadata surrogates. In order to understand this 
relationship, Wang and Soergel (1998) proposed the document selection model according 
to which metadata elements (such as Title, Author, Journal title and Geographic location) 
provide cues to the criteria users employ when they judge the relevance of a document. 
For example, the Title or Abstract metadata elements can provide cues to the criterion of 
topicality. In a similar way, the Date of publicatIOn maps to the criterion of novelty 
(Wang and Soergel, 1998). The lack of appropriate metadata elements from the metadata 
surrogate does not provide cues to certain user relevance criteria thus making the 
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relevance judgment process difficult to complete. In order to address this problem many 
researchers in relevance behavior tried to identify what criteria users employ to judge the 
relevance of a document and map or translate these criteria to tangible metadata elements. 
For example, based on this process, Plodsien et al (2006) and Small et al (1998) 
suggested the inclusion of new learning object metadata elements in metadata surrogates 
based on the SCORM and GEM metadata schemas respectively. 
The concepts of metadata element and relevance criterion are also related to the quality of 
the information scent. Information scent can be defined as the value communicated to 
information seekers from a proximal cue (such as a single hyperlink on a web page or the 
contents of a metadata surrogate) about a distal cue (such as the web page that a 
hyperlink leads to or the full text document represented by the metadata surrogate) when 
judging relevance (pirolli, 2007). It is suggested that the use of clear semantics and 
content can increase the value of the information scent. In the context of visual search 
behaviour, Pirolli et al (2002) found that searchers could identifY more efficiently links 
and nodes of a hyperbolic tree structure that better represented the content to be pursued. 
In another study on web navigation, Miller and Remington (2004) found that regardless 
of structure, users performed visual search tasks faster when the target item was 
represented by clear semantics. The researchers recommended that designers should 
always target the use of clear, user-centred and reliable link labels that provide a good 
scent for users to judge the relevance of each link. Based on the findings from web 
navigation and visual search it can be suggested that metadata surrogates that provide 
relevant and easy to understand metadata elements can improve users' relevance 
judgments, and the quality of the information scent increases. The examination of the 
relevance criteria that users employ when judging the relevance of learning object can 
inform the design of metadata surrogates with relevant and easy to understand metadata 
elements. 
Although there is a lack of stu'dies investigating users' relevance behaviour in e-learning 
systems, such as LORs, the remainder of this section discusses the metadata elements and 
relevance criteria that most frequently appear in other information seeking contexts. 
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Relevance criteria 
Table 2.3 summarises the most important categories of relevance criteria as suggested by 
researchers in user-centred relevance behaviour. Although the table is selective, it 
provides a good overview of the most common relevance criteria categories. Each of 
these categories of relevance criteria are discussed below: 
Topicalzty - Topicality refers to the subject relatedness of the retrieved document or 
metadata surrogate to the users' information need or query terms. Wang and Soergel 
(1998) identified a set of phrases participants used when they judged the topicality of 
the metadata surrogate. These were: non match, unclear, facet non match, related, too 
specific, too narrow, too general or too broad (Wang and Soergel, 1998). 
DepthlScope/Specijiclty - This category includes individual criteria about the depth, 
scope, specificity, completeness, orientation level, or influence of the contents of the 
document. This category is related to Topicality but it is often coded as a separate 
category of relevance criteria. 
Accuracy/Va/idlty - This category includes criteria related to the accuracy and 
validity of the contents of the document. 
Clarity/Organisation/Structure - This category refers to the readability of the text, the 
clarity of visual information as well as the structure and organization of content. 
Currency/Recency - The category refers to how current, recent or up-to-date the 
document is. 
Tangibllzty/Utllzty - This category refers to criteria related to the type of data included 
in the document, such as graphs, raw data or hard data, as well as the utility of 
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information provided, such as impact of the contents of the document or the inclusion 
of practical suggestions and recommendations. 
Quality of sources - This category refers to the quality, reputation, authority and 
value of the resource. 
Accessibility/Availability of the document - This category includes criteria about the 
usability, cost and affordability of the document. 
Verification - Verification refers to the degree of agreement between the contents of 
the resource and other extemal resources. This category was identified only by Barry 
(1998) and Schamber (1991, cited in Barry and Schamber, 1998). 
Affectiveness - This category refers to emotional criteria, such as the sense of 
satisfaction or entertainment that a user exhibits during the relevance judgment 
process. 
Effectiveness/Methodology/Research structure - The category of effectiveness 
includes criteria related to the documentation of the methodology or research design 
applied for data co\Iection by the study reported in the document. This category was 
important in the context of academic research (Barry, 1998; Tang and Solomon, 
2001) and health information seeking (Crystal and Greenberg, 2006). 
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Table 2.3. Cate~ories of relevance criteria 
Selection of ke~ studIes on user-defined relevance cntena 11990 - 20081 
Category type Barry Schamber Wang Tang & Rleh Tombros Savolaonen Crystal & 
(1994) (1991) & Solomon (2002) etal &Kari Greenberg 
cited in Soergel (2001) (2005) (2006) (2006) 
Barry& (1998) 
Schamber 
11998) 
Toe,call!l-: •• •• •• .N/A •• .N/A •• •• 
Deeth/Scoee/Seeclficl!l-: •• •• • • .N/A •• .NA .. • • 
Accura!:XNalldl!l-: •• •• .NA • 
Claroty/ Organosatlon / • • • • 
Structure 
Curren!:X'Recenc~ •• •• • .NA 
TangIbIlity/ Ubllty/ Data •• .N/A •• 
catea°!l: 
Quality of sources/ • •• •• .N/A •• • • 
Authonty/ Source value! 
Source reputatIon / 
rehabll!!l! 
AccessIbIlIty - AvaIlabIlity • •• • .NA • 
of InformatIon 
Venficatlon • •• 
Affecnveness •• •• .N/A • 
Effecnveness/Methodology • .N/A •• 
Research structure 
Time constraInts/ ReadIng • • • 
tIme 
Relatlonshle WIth author • • 
Background expenence! • .N/A •• •• 
Cognrtove state! 
Famlllan!l-: 
Nove!!): •• •• .NA • 
Type of source! •• •• .NA • • 
Dynamlsmllnteractlvlty of 
the source / Appeal of 
Informabonipresentatlon 
9ual!!l! / usabll!!l! 
SpecIal requIsIte / • .NA 
TechnIcal attnbutes 
URL DomaIn !l-:ee • • 
•• The frequency these categones of entena appeared exceeded the 5% of the total number of mentIons of 
crIterion categones 
• A criterion wlthm thIS category was mentioned at least once by particIpants in the studIes • 
• N/A. A relevance critenon wotlun this category was mentioned at least once by participants but the 
frequencies of occurrence are not aVOIlable or reported m the paper. 
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Time constraints - The category refers to any time restrictions or deadlines that can 
affect a users' decision about whether to pursue or not a particular resource. 
Relationship with the author - This category includes criteria that make users judge 
relevance on the basis of whether the author of the document is known to them (such 
as a colleague, friend or academic supervisor). 
Background experience - This category refers to the users' cognitive state and 
background knowledge, such as knowledge of the subject domain, information 
seeking and problem formulation stage. 
Novelty - As opposed to recency, the category of novelty refers as to whether the 
information contained in a document or the source of the document (such as the 
author or the journal) is novel to the user. 
Presentation of the source - This category refers to issues related to the presentation 
of the source, such as the level of interactivity, inclusion of dynamic content, or the 
appeal ofinformation and quality of presentation. 
Special requisites - this refers to any rendering mechanisms or software requirements 
\ 
that are needed for the user to run, download or view the source. 
Other categories of relevance criteria have been identified only by one study in each 
case and they have not been included in Table 2.3 .. These were the consensus within 
the field, geographic proximity, discipline, URL domain type, ranking in search 
output, affiliation, curiosity, language and security. 
Table 2.3 reveals that topicality is not the only criterion users employ to judge the 
relevance of learning objects (Bateman, 1998; Barry, 1994; Crystal and Greenberg, 
2006). It is worth mentioning, however, that user-centered relevance behaviour research 
provides some evidence of the dynamic and situational nature of relevance judgments. 
I 
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For example, researchers such as Tang and Solomon (2001), Crystal and Greenberg 
(2006) and Rieh (2002) revealed that users employ more relevance criteria during the 
evaluative judgment stage (evaluation of the full text document) rather than the predictive 
relevance judgment stage (evaluation of the metadata surrogate). In particular, changes 
between the two stages were observed for the following criteria: 
• Background experience and topicality (in Rieh's study). 
• Tangibility, Utility, data, usefulness and novelty (in Tang and Solomon's study). 
• Topicality, scope, web characteristics, data, affiliation, research group and 
authority (in Crystal and Greenberg's study). 
Finally, the analysis of these studies reveals that the situation or context of inquiry gives 
rise to new relevance criteria. For example, the affiliation category of relevance criteria 
was important in the context of health information seeking (Crystal and Greenberg, 
2006), while other categories, like geographic proximity was useful in the case of weather 
information consumers (Barry and Schamber, 1998). 
Metadata elements 
Although there are no studies investigating the relevance criteria users employ when 
judging the relevance of leaming objects, researchers have examined the importance of 
learning object characteristics and metadata elements for relevance judgment. These 
elements are summarized in two tables. Table 2.4 presents a list of learning object 
metadata elements and learning object characteristics that participants in various studies 
(mainly teachers and faculty) perceived to be the most important for relevance judgment. 
In addition, Table 2.5 presents a few suggestions for new metadata elements that should 
enhance existing learning object metadata schemas, such as GEM and SCORM. 
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Table 2.4 •. List of metadata elements used for relevance judgment 
Small et al SearchLT Llddy. etal Plodzlen et al. 
119981 120021 120031 120061 
TO~lc .6. 
SUblect .6. .6. 
Content desc"~tlon! Abstract .6. .6. .6. • 
Matenals / Resource JyQe .6. • 
Format .6. 
Grade level • • 
PU'Eoselfocus of the content • .6. 
Outline of a lesson • 
Summary/ recapltulaton • • 
/knowledge and skIlls transfer 
to new knowledge 
Assessmentl EvaluatIon • 
Matenals ~rocedure • 
Add~lonal resources • 
PreregUls~e/ Pnor knowledge • • 
AudIence • 
ExtensIon • 
InstructIonal style/ educatIonal • • 
desc"~ton 
TIme frame • 
Sco~e/ dIdactIc oblectlves • 
TItle • .6. 
Standards • 
Grouping • 
Comments • 
LocatIon! URL ..6. 
Date • 
Author AffiliatIon • 
Copynght ..6..6. 
Author descriptIon • '" 
Publisher • 
Examples of applyIng new .6. 
knowledge In ~ractlce 
PresentatIon of new knowledge .6. 
Motwatlon .6. 
Cost .6. 
Technical regUlrements .6. 
Language • 
.6. The elements was ranked as one of the top 5 most Important elements by partIcIpants In the study 
• The element was not ranked as one of the top 5 most Important elements but rt was perceIved as useful for 
relevance Judgment 
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Table 2.5. New metadata elements for inclusion in leaming object metadata schemas 
Small et Llddy, et Plodzlen 
al al (2003) et al., 
(1998) (2006) 
Accuracy • 
Appropnateness • 
Clanty • 
Completeness • 
Motivation • 
Organization • 
Dldac!Jcs • 
Evaluation • 
Funct,onalrty • 
Usability • 
Reusability • 
Quality • 
Relevance rating • 
Reviews • 
Comments/social tagging • 
2.3.6.3. Impact of individual characteristics on relevancejudgment 
The impact of individual characteristics on users' interaction with metadata surrogates in 
search result interfaces has not been investigated in-depth and only a few studies have 
tried to address this issue. For example, Marcus et al (1978) identified statistically 
significant differences in the accuracy of relevance judgments between undergraduate 
students (low level of subject knowledge) and postgraduate researchers (high level of 
subject knowledge). In this case postgraduate researchers more accurately identified 
relevant documents based on their bibliographic representations. In a study that applied a 
multidimensional framework for the evaluation of search engines Su (2003) identified 
differences in user satisfaction with the presentation of search results in the Lycos search 
engine between students with a science background and students from humanities. 
Finally, Ruthven et al (2008) revealed that there was a statistically significant effect of 
the level of subject knowledge, the level of confidence in assessing relevance, the level of 
interest in the search topic and the presence of expectations about the retrieved results on 
users' relevance judgment behaviour, and in particular, the easy with which users judged 
the relevance of the metadata surrogates and the number of times a user accessed the 
contents of a web page. 
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Other researchers, such as Taylor et al (2007), Wen et al (2006) and Yuan et al (2002) 
, 
found that factors such as topic familiarity (or level of subject knowledge), infonnation 
seeking stage and the Anomalous State of Knowledge (ASK) can influence the criteria 
users employ in order to judge the relevance of documents. These studies, however, were 
not focused on metadata surrogates. Furthennore, the literature provides examples of the 
impact of other types of individual characteristics on users' interaction with IR systems 
including the level of users' familiarisation with computers and the WWW (for example 
experts versus novices) (Morris and Balatsoukas, 2006), the users' cognitive style (for 
example, imagers versus verbalisers) (Ford et aI., 2003; Graff, 2005) as well as users' 
infonnation problem stage and type of infonnation need (Spink, 2002; Saracevic et aI., 
1988). Since this study is the first of its kind, a decision was made not to investigate the 
effects of individual characteristics on user interaction with learning object metadata 
surrogates. Future confinnatory studies, however, should take into account these effects 
and in particular, the impact of the level of subject knowledge, subject background, 
confidence, interest in search topic, prior expectations, infonnation seeking stage, 
anomalous state of knowledge, familiarisation with the web, cognitive style, infonnation 
problem stage and type of infonnation need on user interaction with learning object 
metadata surrogates. 
2.3.6.4. Task effects 
Several studies that investigated participants' interaction with search result interfaces and 
metadata surrogates revealed the presence of task effects on users' perfonnance and 
satisfaction. For example, Huffinan and Hochster (2007) found that the correlation 
between user satisfaction and relevance of search results was stronger in the case of 
"navigational" and "misspelled" types of tasks than transactional and infonnational tasks. 
Thus, the researchers proposed that specific retrieval algorithms were more appropriate 
for certain types of tasks. In another study Joho and Jose (2006) revealed that the use of 
thumbnails in, metadata surrogates was more useful when users perfonned the topic 
distillation task. Other examples, of task effects were provided by researchers on the field 
of infonnation visualisation of search result interfaces. For example, textual interfaces 
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(list or clustered) were significantly more time efficient in the case of simple, factual or 
known-item tasks than their visual counterparts, but they were as time efficient as visual 
interfaces in the case of more sophisticated tasks, such as aspectual tasks or tasks that 
involved comparison between documents (Morse et aI., 2002; Sebrechts et aI., 1999). 
Although research has investigated the impact of task type on users' interaction with 
metadata surrogates and search result interfaces, no studies have examined the effects of 
task complexity on users' performance and satisfaction. Research focused on the usability 
of search interfaces has found significant effects of task complexity on users' 
performance during query formulation (Chan et aI., 1997; Topi et aI., 2005). Wood 
(1986, cited in Topi et ai, 2005) identified three types of task complexity. These were: 
component complexity (based on the number of different information cues that need to be 
processed by a user to complete the task); coordinative complexity (based on the 
sequence of tasks); and dynamic complexity (based on cognitive changes during task 
completion). From these types, component complexity has direct implications in the 
evaluation of metadata surrogates. For example, tasks of high component complexity 
require users to process a larger number of metadata elements in order to find a relevant 
resource. Therefore, it can be hypothesised that as the number of metadata elements to be 
processed by users increases, the time needed for users to find relevant documents 
increases too. 
2.4. Summary ofthe literature review 
This Chapter reviewed the literature on user-centred evaluation of metadata surrogates in 
search result interfaces of LORs as well as other types of information systems (including 
web search engines, geographical information systems, scholarly databases, online public 
access catalogues and collections of digital images). The review showed that the 
examination of the presentation and content of metadata surrogates (micro-level) is not 
systematic and lacks an evaluation framework. Although some aspects of the presentation 
of metadata surrogates have been investigated, such as the display of an abstract, the use 
of highlighting and thumbnails, these were focused on the context of web search engines 
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rather than more structured and metadata-driven IR systems. In addition, several 
presentation aspects of a metadata surrogate, such as the structure, positioning-ordering 
of metadata elements, amount of information, highlighting of key terms, use of graphics 
as well as the application of colour and font type and size have not been investigated in-
depth and specifically in the case of learning object metadata surrogates. In the case of 
user-centred relevance behaviour, researchers have identified several types of relevance 
criteria used for relevance judgment. There are no studIes, however, examining the 
generalisability of these findings in the context of learning objects and learning object 
metadata surrogates. The next Chapter presents the methodology developed to address 
the objectives of this study (see Section 1.1.). 
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Chapter 3 - Methodological framework for the evaluatiou of 
user interaction with learning object metadata surrogates. 
3.1. Research paradigms 
Science is dominated by two main research paradigms: positivism and interpretivism 
(Weber, 2004; Pickard, 2007). Each of these comes with a distinct body of knowledge 
inquiry traditions or meta-theoretical assumptions. These are: ontology, epistemology and 
research methodology (Weber, 2004, Pickard, 2007). 
'Ontology' represents the nature of reality under investigation. In the case of positivist 
research, the observer is separated from the observed reality (Weber, 2004). The nature of 
this type of inquiry is dualistic as the observer and the observed phenomena constitute 
two independent parts in the research process (Weber, 2004). However, in the case of the 
interpretivist ontology the researcher cannot be separated from the real phenomena under 
investigation. In this case the researcher'S prejudices and life experiences provide 
meaning and interpretation to the phenomena under investigation. 
'Epistemology' studies "how we can know the reality" (Pickard, 2007). Interpretivist 
researchers investigate phenomena through sense-making activities. Sense-making takes 
into account the researcher's experiences and prejudices, such as culture, history and 
goals (Weber, 2004). However, positivist researchers believe in an objective reality that 
exists independent from the human mind and thus independent from the observers own 
historical, social and cultural foundations (Weber, 2004). 
Finally, 'Methodology' is the "practice of how we come to know the reality" (pickard, 
2007). It is argued that methodology includes a set of assumptions about the use of 
research methods (for example, surveys and experiments), data collection techniques 
(such as, questionnaires and interviews) and data collection instruments (such as screen 
recording devices and audio or video recordings). Traditionally, research methods 
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employed by positivists are quantitative in nature and include experiments, surveys and 
content analysis techniques. Usually data collected within a positivist research tradition 
are statistically analysed and tested. In this case, hypothesis testing, theory falsification 
and generalisation are paramount research constructs (Klein and Myers, 1999). However, 
interpretivists use qualitative research methods, such as case studies, ethno 
methodological studies and ethnographies. Although most quantitative research designs 
are employed by positivists, qualitative data can be analysed both within a positivist or 
interpretive research paradigm. For example, case studies or protocol analysis can be 
conducted and analysed both within a positivist and interpretive research tradition (Klein 
and Myers, 1999). 
In addition to these dominant philosophical approaches many scholars in pure and social 
sciences have proposed the 'design research' or 'socio-technologist' or 'developmental' 
approach (Vaishnavi and Kuechler, 2004). Ontologically, design researchers believe in a 
single reality (physical laws) that informs design. The iterative process of design and the 
contextual nature of the design problem, however, can produce multiple world states. The 
multiplicity of world states is sociotechnically enabled. From an epistemological point of 
view design researchers investigate reality through "iterative circumscription" 
(Vaishnavi and Kuechler, 2004). Iterative circumscription can be thought of as the 
feedback loops developed between the different phases of the design life-cycle. These 
feedback loops produce new knowledge. Finally, the methodology employed in design 
research exhibits characteristics from both positivism and interpretivism as progress is 
made through the stages of the design life-cycle, for example, from problem awareness to 
development to evaluation and conclusion (Vaishnavi and Kuechler, 2004). Table 3.1 
presents a summary of the three research paradigms discussed above. 
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Table 3 1. Summary of meta-theoretical assumptions. 
Metatheoritical Positivism Interpretivism Design research 
assumption 
Ontology 
Epistemology 
Methodology 
Observer IS separated 
from the observed 
reahty or phenomenon 
investIgatIOn of the 
objective reality 
WIthout interference 
from the observer's 
hIstorical and cultural 
prejudices 
Quantltallve m nature 
Quahtatlve data, 
however, can be also 
interpreted WIthin a 
posillVlst tradlllon (for 
example, case studIes 
and protocol analysis) 
The observer is not 
separated from the 
observed reahty 
SocIally constructed 
reahty (KIem and 
Myers, 1999). The 
observerrnakessense 
of the world through 
personal experiences 
and historical or 
cultural background 
Quahtatlve research 
influenced by 
assumptIOns from 
phenomenology, 
anthropology and 
hermeneUllcs (Klein 
and Myers, 1999). 
Smgle realIty that 
produces multiple 
world states, SOCto-
technically enabled. 
Knowledge through 
IteratIOn between the 
phases of the design 
process 
ExhIbIts methods from 
posItIvism and 
interprellVlsm 
dependmg on the stage 
of the desIgn cycle 
(mixed method 
approach) 
3.2. The Design research paradigm: life cycles and evaluation 
Several design cycles have been proposed from various communities involved in design 
research, such as Information Science, Information Systems, Software Engineering, 
Computer Science, Human-Computer Interaction and Usability Engineering. For 
example, Vaishnavi and Kuechler (2004) have proposed a general methodology of design 
research in Information Systems with five main steps: 
1. Awareness of problem 
2. Suggestion 
3. Development 
4. Evaluation 
5. Conclusion 
Similar models have been proposed by Human Computer Interaction and Usability 
Engineering specialists, such as Nielsen (1993), Mayhew (1999) and Preece et al (2006). 
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Nielsen's usability engineering life cycle consists of three design stages: the pre-<iesign, 
the design, and the post-design stages. Within each stage several activities are taking 
place, including: field studies, usability tests of old systems and competitive studies in the 
pre-design phase; parallel design, iterative design and prototyping in the design phase; 
collection of use statistics and re-design in the post-design phase. In this model iterative 
evaluation through usability tests and use statistics is an important step of the design 
process. Mayhew (1999) has identified a similar set of steps for a usability lifecycle. 
These are: Requirement Analysis, Design, Testing, Development and Installation. 
Finally, Preece et al. (2006) developed a life cycle model influenced by previous 
developments in Software Engineering and Human Computer Interaction. The model 
includes:, identification of needs and requirements; development of alternative designs; 
prototyping; evaluation; and re-design of the final product. Of course these steps are not 
sequential but they are characterised by iteration. For example, evaluation can inform the 
design of the final product (last stage of the model) or define new requirements (first 
stage in the model). Preece et al (2006) also provide a useful review of various usability 
and design life-cycle models. 
In all these models evaluation is a significant phase of the design process. In the case of 
the design research approach, evaluation is important for the validation of existing 
theories (hypothesis testing), the production of new knowledge the improvement and re-
design of artefacts (Vaishnavi and Kuechler, 2004). 
3.3. Evaluation process and learning object metadata surrogates 
This section briefly discusses how different constructs of the evaluation process apply to 
the context of this study. Weiss (1998, p. 4) defined evaluation as ''the systematic 
assessment of the operation and / or the outcomes of a program or policy, compared to a 
set of explicit or implicit standards, as a means of contributing to the improvement of a 
program of policy". Although Weiss developed this definition for the evaluation of 
programs and policies (Weiss, 1998) some elements of this definition apply to other 
contexts of evaluation as well, such as mformation systems. These are the systematisation 
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of the evaluation process (,systematic assessment'), the focus of the evaluation process 
('process or outcomes') and the standardisation of the evaluation based on a set of 
measures ('implicit or explicit standards'). The systematisation of the evaluation process 
in the context of this study is achieved through the development of an appropriate 
methodological framework and the use of scientific methods that address the objectives 
of this study (see for example Chapters 4-11). In addition, this study is focused on the 
process rather than the outcomes of using metadata surrogates to judge the relevance of 
learning objects. It is focused on how learners interact with learning object metadata 
surrogates in search result interfaces rather than on the results of this interaction (for 
example, improved learning). Finally, the measures of this study are the relevance 
(usefulness) of the content ofmetadata elements and the usability ofmetadata surrogates 
(presentation). In the case of relevance, the focus is on the type ofmetadata elements and 
relevance criteria users employ when they judge the relevance of learning objects. 
Several researchers in the past (such as Wang and Soergel, 1998; Crystal and Greenberg, 
2006) have agreed that user-centred relevance research can improve the design of search 
result interfaces and metadata schemas. While user-centred relevance should investigate 
the content of learning object metadata surrogates, the investigation of the usability can 
provide further recommendations for improving the interface design (Le. the 
presentation) of surrogates in search result interfaces of LORs or learning object metadata 
catalogues. As it is shown in Table 3.1, design research involves a mixed method 
approach to the investigation of phenomena. Some of the advantages of mixed method 
approaches include: triangulatIOn (i e. the validation of the data collected through the 
implementation of different methods), complementarity (Le. the explanation of the 
results of one method with the results of another), development (using the findings of one 
method to inform the design of the instruments of another method), initiation 
(identification of contradictions between the results of different methods and the initiation 
of further research) and expansion (the investigation of different objectives of a research 
question using different methods) (Greene et aI., 1989, cited in 10hnson et aI., 2007). 
Following a content analysis of various definitions 10hnson et al. (2007, p.123) defined 
mixed methods research as: 
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"[ ... ]the type of research in which a researcher or team of 
researchers combines elements of qualitative and quantitative 
research approaches [ ... ] for the broad purposes of breadth and 
depth of understandmg and corroboration. A mixed methods study 
would mvolve mixing within a single study; a mixed method 
program would involve mIxing within a program of research and 
the mixing might occur across a closely related set of studies . .. 
The methods used to investigate user-centred relevance (usefulness) and usability are 
discussed in Chapters 4, 6, 8, and 10. These have mixed quantitative and qualitative data 
collection techniques both concurrently (within the same study for comparison and 
validation purposes), and sequentially (Le. between studies), following a cyclmg 
approach (Bawd en, 1990). Justification for the selection of the particular methods for 
addressing the objectives of this research is presented in Section 3.4.1. 
In terms of purpose, evaluation can be either formative or summative (Weiss, 1998; 
Preece et al 2006). Formative evaluation investigates users' needs as well as the process 
of using the program or product. Based on ~he results of the formative evaluation 
recommendations for improvements can be made. Summative evaluation is focused on 
the effects or results of implementing a program or product to a specified audience. Often 
summative evaluation is useful for making decisions about whether the program, policy 
or technology under evaluation should stop or continue (Weiss, 1998). The purpose of 
this study is the formative evaluation of the learning object metadata surrogates in the 
search result interfaces of LORs. Thus, recommendations for improvements in the 
contents and design ofleaming object metadata surrogates should be developed. 
3.4. An evaluation framework of user interaction with learning object 
metadata surrogates 
In section 2.1 the 'meta-level usability' was conceptualised as users' interaction with the 
interface (presentation) and the content of the metadata surrogates at the overview and the 
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preview level of search result interfaces. Figure 3.1 represents this interaction as an effect 
of the relationship between three components: 
• The user. 
• The content of the metadata surrogate. 
• The presentation (interface) of the metadata surrogate. 
• 
These three components have been applied for the development of frameworks for the 
holistic evaluation of IR systems and digital libraries (see for example Tsakonas and 
Papatheodorou, 2006, and Saracevic et aI., 1998). They also encapsulate aspects of 
Ingwersen's cognitive model (lngwersen and Jarvelin, 2005) and extend Wang and 
Soergel's document selection model (Wang and Soergel, 1998). The user, content and 
presentation triptych can be mapped to Ingwersen's conceptualisation of a search process 
as the interaction between the user cognitive structures (user), the designers cognitive 
structures (presentation) and the author's cognitive structure (content). Therefore, the 
cognitive and user-centered evaluation of metadata surrogates is at the core of this 
framework. Furthermore the framework extends the document selection model proposed 
by Wang and Soergei and in particular it's second principle about the presentation of 
metadata surrogates in search result interfaces which was left undefined. For example, 
Wang and Soergel did not provide an analytical account of all the factors that could affect 
the presentation of metadata surrogates in search result interfaces beyond the factors of 
highlighting and ordering of elements in the surrogate. 
Three types of relations are presented. These are: 
• The user - content relationship. The content of metadata, such as its vocabulary 
and terminology, should be useful for the user to judge the relevance of a 
document. 
• The user - presentation relationship. The presentation of the metadata surrogate 
influences usability and thus the way users assess the relevance of the metadata 
) 
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surrogate and manipu late the results retrieved. For example, this type of 
relationship includes several usability aspects, such as interactivity, readabil ity of 
characters, length, structure and order of metadata elements. 
• The content - presentation relationsh ip. The relationship between content and 
presentation is gu ided by technological faci li tators, such as syntactic languages 
(XML, RDF and XHTML), interoperability measures, mapping techn iques and 
client and server platforms. Th is type of relationship is out of the scope of th is 
thesis. 
Review of 
results -
r -
, 
I 
Overview 
\ ~ 
, 
: , 
Preview 
, . 
Figure 3.1. User interaction with the content and the presentation of met ad at a surrogates. 
The proposed framework for the evaluation of user interaction with metadata surrogates 
is presented in Figure 3.2. This framework provides researchers and evaluators with a 
pool of criteria that shou ld be taken into account when evaluating user interaction with 
metadata surrogates in search result interfaces. The user-centered framework for the 
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evaluation of learn ing object metadata su rrogates, however, is focused on metadata 
surrogates and not the information retrieval system as a whole. Therefore, this framework 
focuses on users' relevance judgment process and not the whole information searching or 
seeking process as conceptualised in different models by Shneiderman et al ( 1997) and 
Marchionini (1995). 
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Figure 3.2. Evaluation framework of user interaction with metadata surrogates. 
The proposed framework lists the main factors or independent variables that affect users' 
interaction with the presentation and the content of metadata surrogates in search result 
interfaces (meta-Ievel usabi lity), as well as the type of methodologies that have been 
traditionally applied for the eva luation of the relationship between the components (such 
as, the user - content and user - presentation relationships) . The selecti on of the factors 
was based on the review of the literature of information retrieval, information seeking 
and human computer interaction (see section 2.3.5). During this review the factors that 
had an impact on user interaction with metadata surrogates during the relevance judgment 
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process were identified. Due to the limited amount of research in this developing field, 
however, a review of studies investigating user relevance behaviour in other contexts, 
(beyond the metadata surrogate) such as the information object itself, was performed in 
order to populate the framework with variables or factors that should be investigated 
further in the context of metadata surrogates. For example, the structure of the metadata 
surrogate or the display of the abstract can have an impact on the time needed by users to 
evaluate relevance, the accuracy of user relevance judgments as well as user satisfaction 
with metadata surrogates displayed in search result interfaces of web based search 
engines (Rele and Duchowski, 2005; Drori and Tamir, 2005). Similarly, user interaction 
with the content of the metadata surrogate (that is, the metadata elements and their 
vocabularies) can have an effect on the accuracy of relevance judgments in the context of 
scholarly database systems (Marcus et aI, 1978; lanes, 1991). Finally, user 
characteristics, such as users' background and level of subject knowledge account for the 
way users' interact with, and judge the relevance of metadata surrogates in search result 
interfaces of IR systems (Wen et aI., 2006; Yuan et aI., 2002). Although the framework 
displayed in Figure 3.2 lists several individual characteristics that may have an impact on 
user interaction with learning object metadata surrogates, these are out of the scope of 
this thesis. This happened due to the exploratory nature of the research and the need to 
produce a basis of empirical data that should justifY the initiation of further research at 
the level of individual user characteristics. The justification of the various components of 
the framework (e.g. user, content and presentation) was based on the literature review 
Chapter (see section 2.3). The present section makes use of the literature review in order 
to justifY the methods selected for the evaluation of user interaction with the presentation 
and the content (semantics) of learning object metadata surrogates. These methods 
include usability testing and user-centered relevance behaviour research. 
3.4.1. Justification of methods 
The literature review showed that the investigation of users' interaction with the metadata 
surrogates in search result interfaces of search engines and IR systems has been 
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facilitated through the use of usability studies and relevance behaviour research. This 
section provides a justification about the reasons why these two approaches were also 
used in the context of this thesis. 
3.4.1.1. Evaluation of the presentation ofmetadata surrogates 
Usability studies investigated the performance, satisfaction and preferences of 
participants with different displays ofmetadata surrogates (Joho and Jose, 2006; Rele and 
Duchowski, 2005; Drori, 2000; Drori, 2003; Paek et aI., 2004). A typical usability test or 
experiment involved the completion of background questionnaires, task test scenarios, 
SUbjective satisfaction questionnaires and interviews. Few studies, however, examined 
the usability of metadata surrogates by focusing only on one type of data collection 
method, such as interviews (Search LT, 2002) or eye tracking (Liddy et aI., 2003). 
Although most usability studies examined only the presentation of metadata surrogates, 
some studies also investigated aspects related to the usefulness of the content of metadata 
surrogates (Drori, 2000; Drori, 2003; Liddy et aI., 2003). Finally, most usability studies 
were conducted in a controlled laboratory environment. This was achieved by controlling 
the tasks users performed during task testing as well as eliminating factors that could 
interrupt the relevance judgment process. Besides usability tests, there are other methods 
that can be used for the evaluation of the usability of IR systems, such as field studies and 
analytical evaluation methods. These are discussed below. 
The usability test 
Usability tests are formal, controlled and laboratory-based user studies that record users' 
performance while interacting with a prototype or complete system or application, in 
terms of time needed to perform specific tasks, number of errors performed and user 
satisfaction. Users participating in usability tests are usually asked to perform a set of 
predetermined tasks. Their interaction with the system is recorded through screen-
recording devices, video and, audio recording instruments or manual data collection 
forms. After performing the set of tasks users can be asked to complete a subjective 
satisfaction questionnaire. This questionnaire collects quantitative preference data about 
111 
Chapter 3 - Methodological framework 
users' perceptions of the systems' usability. Finally, participants may be also asked to 
participate in short structured or semi-structured interviews. The scope of these 
interviews or de-briefing sessions (Rubin, 1994) is to elicit further qualitative data about 
users' experiences. These tests normally take place in usability laboratories. In many 
cases, however, more flexible portable usability equipment exists that provides evaluators 
the opportunity to set up a laboratory environment in locations where formal usability 
laboratories do not exist (preece et aI, 2006). 
Usually, the number of participants in usability tests may vary from 5 to 12 subjects 
(preece et aI, 2006; Dumas and Redish, 1999). Nielsen (1993) had proposed that five 
usability participants can identifY almost 85% of the usability problems. Thus the use of 
, 
more than five participants can increase the amount of redundant information. Other 
usability researchers have advocated that 10 participants are sufficient for the conduct of 
any usability test (Ahmed et aI, 2005). These suggestions, however, only apply to 
usability tests that aim for the collection of qualitative data, such as users' preferences, 
likes and dislikes or types of usability problems performed. Nielsen (2006) suggested the 
use of approximately 20 participants for the collection and statistical analysis of 
quantitative data, such as time needed to perform tasks, number of errors and satisfaction 
ratings. This is important in the case of usability experiments. Usability experiments are 
conducted for hypothesis testing and theory falsification. For example, a usability 
experiment may investigate the hypothesis that no significant differences exist in the 
performance of expert and novice users when interacting with a particular system. 
Similarly, another usability experiment may be designed to investigate whether there are 
significant differences in user performance with two different IR interfaces one based on 
textual representation of results and another based on information visualisation. In this 
case, the number of participants should be higher than five to support statistical power 
and thus the validity of the results. Although usability experiments usually have a similar 
structure like the conventional usability tests they· differ in terms of the strength of 
statistical power needed to report the results and the focus of their inquiry (for example, 
hypothesis testing versus usability problem reporting) (Pickard, 2007). The U.S. National 
Institute of Standards and Technology has developed an evaluation framework for the 
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evaluation of Information Management systems based on usability experiments (Morse, 
2002). 
Field studies 
Field studies are naturalistic in nature, and researchers investigate how users interact with 
a product or prototype in their everyday lives, such as their workIng environment. As 
opposed to the controlled usability tests and experiments, researchers have no control of 
the variables and cannot eliminate noise or other factors affecting the user-machine 
interaction. The main data collection techniques used are interviews, observations and 
diaries. Field studies can be more time-consuming than usability tests. For example, they 
can vary in time from few hours to several months (preece et aI, 2006). Field studies may 
be useful to investigate how a particular product is used and adopted within a social 
context, but they do not provide answers to specific usability questions, such as the time 
needed for a user to perform a set of tasks or which specific usability problems accounted 
for a users' performance while using a system (Preece et aI, 2006). Finally, they may be 
performed with few participants due to the in depth investigation of user behaviour. In 
addition, the investigation of the interaction of a group of people (such as a family or 
research team) with a specific product can provide robust information about technology 
adoption within a social environment. Finally, usability tests and field studies adhere to 
different ontological research paradigms. For example, in the case of field studies the 
researcher becomes part of the team under investigation following an interpretivist 
approach to the investigation of the phenomena observed. However, in the case of 
usability tests or experiments researchers are separated from the observed reality 
following a more positivist tradition (see section 3. I. for a discussion of research 
paradigms). 
Analytical evaluation methods 
Analytical evaluation methods are more time and cost efficient and do not require the 
recruitment of real users in the evaluation process. In the case of analytical methods, the 
evaluation is based on a team of usability experts. There are two main categories of 
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analytical evaluation methods: 1. Inspection methods26 and 2. Predictive models. 
Inspection methods are characterised by the use of a small number of usability experts or 
a team of experts to perform the evaluation based on a set of predefined usability 
guidelines or a set of tasks that need to be performed (such as heuristic evaluation and 
cognitive walkthough). Predictive models focus on the analysis of the various cognitive 
and physical operations that users need to perform in order to execute a task using a 
product or prototype (Preece et aI, 2006). Finally, inspection methods can be used for the 
evaluation of whole systems (macro-level evaluation), while predictive models, like 
GOMS can be used for the evaluation of specific parts or tasks of a specific interface, 
such as the menu layout, or the size of buttons displayed in the screen (Preece et aI, 
2006). Despite the time and cost efficiency, a significant drawback of these methods is 
related to the absence of real users from the evaluation process. 
Summary 0/ advantages 0/ the usability test over the other methods 
Summarising, some of the advantages of usability tests over other usability evaluation 
methods when evaluating the presentation of metadata surrogates in search result 
interfaces include: the user involvement in the evaluation process, the investigation of 
users' interactions with a system or prototype while performing either routine or complex 
tasks, the development of prescriptive recommendations for the re-design of systems, the 
collection of a variety of preference and performance data (such as errors, time and user 
satisfaction), and the design of controlled tests that permit researchers to manipulate 
variables of interest and perform meaningful comparisons between different interface 
designs. 
3.4.1.2. Evaluation o/the content o/the metadata surrogates 
While usability evall!ations have been focused on the presentation of metadata surrogates, 
relevance behaviour research has investigated the type of semantics and metadata 
elements users employ when judging the relevance of documents (information objects) 
26 For more information about inspection methods, Gray and Salzman (1998) prOVide an excellent 
review and companson 
114 
Chapter 3 - Methodological framework 
and metadata surrogates. Studies on relevance behaviour have been conducted in a more 
naturalistic environment with real tasks and information needs (Barry, 1994; Barry and 
Schamber, 1994; Tang and Solomon, 2001). Methods for data collection included 
questionnaires, ranking or rating of the importance of metadata elements and relevance 
criteria (Tang and Solomon, 2001), highlighting of phrases and words that helped users 
judge the relevance of a document (Crystal and Greenberg, 2006; Barry, 1994), think 
aloud protocols (Barry, 1994), semi-structured interviews, and time-line sense making 
interviews (Barry and Schamber, 1998). These studies were focused on the content of 
metadata surrogates (that is the metadata elements) as well as the type of relevance 
criteria users employed to judge relevance. 
As opposed to other methods developed for the evaluation of IR systems, such as 
multidimentional approaches, user studies on the utility, as well as system-centred 
approaches (for a review see Section 2.3), user-centred relevance research focuses 
explicitly on the semantics and metadata elements users employ when they judge 
relevance. In addition, recommendations about the type of metadata elements and 
semantics that should populate metadata surrogates with content can be made. 
3.4.1.3. Other methods used in the evaluation of IR systems 
Other techniques, such as transactional log analysis, web analytics and deep log analysis 
have been used as stand alone techniques for the evaluation ofIR systems, such as digital 
libraries (Nicholas et aI., 2006; Jones et ai, 1998; Reeves et aI., 2003). Although these 
techniques provide useful usage statistics as well as patterns or models of unobtrusive 
searching and browsing behaviour, they present several limitations in the case of the 
evaluation of user interaction with metadata surrogates. Some of these include the lack of 
data about users' cognitive processes of relevance judgment as well as the rationale 
behind specific decisions (Nicholas et aI., 2006), the researcher has no control over 
variables that can affect user interaction, it is difficult to manipulate variables and 
investigate their effect on user interaction, and the interpretation of logs requires a 
significant amount of inference (Reeves et aI., 2003). The impact of transaction log 
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analysis is more evident when used in conjunction with more robust, user-centred and 
cognitive based methods such as usability tests and relevance behaviour research. For 
example, in many cases usability researchers have employed screen recording software 
and transaction monitoring software as a means of recording observable user behaviour. 
Therefore transaction logs are more useful when implemented along with other data 
collection techniques. 
The discussion of the different methods suggests that both usability tests and relevance 
behaviour research can support a methodologically sound research design for the 
evaluation of user interaction with the presentation and the content of metadata surrogates 
in search result interfaces. Therefore, they have been included in the evaluation 
framework as the two main pillars for the evaluation of the presentation (usability) and 
the usefulness of the content (user-centred relevance) ofmetadata surrogates respectively 
(see Figure 3.2). 
3.4.1.4. Data collected 
Various types of data can be collected from the use of these methods (usability tests and 
studies on relevance behaviour), such as performance data, satisfaction, preference data 
and data logs, as well as data about users' relevance criteria (see Figure 3.2). 
Performance data include the time needed by users to identify relevant documents and the 
number of accurate relevance judgments. This type of performance data was common in 
studies that examined the impact of the length and order of presentation of certain 
metadata elements on users' relevance judgments, such as the title and the abstract (Janes, 
1991; Marcus et aI., 1978) as well as studies investigating the usability of metadata 
surrogates in search result interfaces (Joho and Jose, 2006; Drori, 2000;2003; Paek et aI., 
2004). Other types of performance data include the number and duration of eye fixations 
(Rele and Duchowski, 2005; Liddy et aI., 2003). 
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Satisfaction with the presentatIOn of metadata surrogates in search result interfaces can be 
measured in terms of several criteria, such as the "ability to ascertain answer without 
reading the document", "confidence in the accuracy of the relevance judgment", 
"duration of search until answer is obtained" and "sense of easy" (Drori and Tamir, 
2005), or as, "ease of finding relevant documents" and "how often the surrogate 
contained the contents users expected to find in the full text" (Joho and Jose, 2006) as 
well as "perceived time of task completion" and "perceived accuracy in choosing the 
results" (Rele and Duchowski, 2005). 
Preference data maybe operationalised either as a response to a question about which 
metadata surrogate display participants preferred most (Rele and Duchowski, 2005), or as 
a set of ratings about the importance of metadata elements (Small et aI., 1998; Choi and 
Rasmussen, 2002). The latter type of preference data was common across studies on user-
centred relevance behaviour that investigated users' perceived importance of metadata 
elements and relevance criteria (Choi and Rasmussen, 2002; Small et aI., 1998). Other 
researchers collected preference data through short structured interviews that asked users 
to indicate likes and dislikes about the presentation of metadata surrogates (Fraser and 
Gluck, 1999) or the content ofmetadata elements included in the surrogate (Crystal and 
Greenberg, 2006). 
Finally, relevance criteria are collected through the use of think-aloud protocols and 
interviews. This is prominent in studies that investigate user relevance behaviour (Crystal 
and Greenberg, 2006; Barry, 1994). 
3.4.1.5. Data analysis 
Quantitative data, such as satisfaction ratings, number and duration of eye fixations, time 
needed for users to identify relevant documents and number of accurate relevance 
judgments, can be analyzed through the use of parametric and non parametric tests, 
including ANOVA, t-tests and Friedman tests. Most of these statistical tests were 
performed by researchers who investigated the impact of presentation of metadata 
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surrogates on users' performance and satisfaction. Researchers who examined the use of 
relevance criteria employed content analysis techniques to analyze their data. Statistical 
tests, were also performed in the context of relevance behaviour research. For example, 
this was the case in studies that asked users to rate the importance and usefulness of 
relevance criteria and metadata elements (such as Small et al., 1998; Choi and 
Rasmussen, 2002), or studies that examined the effects of individual characteristics on 
users' relevance judgment process (such as Ruthven et aI., 2008). 
3.5. Research plan for the evaluation of learning object metadata 
surrogates 
Based on the evaluation framework (Figure 3.2), a set of four studies were conducted to 
address the objectives of the research (see Section 1.1). These four studies informed the 
development of recommendations for the interface design (presentation) and the content 
of leaming object metadata surrogates in search result interfaces (see Chapter \3 for 
recommendations). The first two studies reported in Chapters 4 - 7 examined the 
presentation of leaming object metadata surrogates. The remaining two studies (Chapters 
8 - 11) were focused on the content (semantics) ofleaming object metadata surrogates. 
The first study (Study A) was a usability test that investigated users' interaction with the 
presentation of metadata surrogates (overview and preview) in search result interfaces of 
three LORs. The purpose of the study was twofold. Firstly, it examined the impact of 
several presentation factors on user interaction during relevance judgment and provided a 
rich amount of data about user interaction with this type of surrogates, and secondly, it 
provided input for the design of a second usability study. 
The second usability study (Study B) was built on the empirical findings of the interviews 
conducted during the first usability test with the three LORs. In particular, the purpose of 
the second study was to focus on the impact of three variables: structure, highlighting of 
query terms and amount of information of the metadata surrogates on users' performance 
and satisfaction during the relevance judgment process .. 
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Both studies A and B provided rich information about the impact of several presentation 
factors on users' performance, satisfaction and preferences. These two studies, however, 
provided little data about the content of metadata surrogates (for example, what kind of 
content participants found useful when they judged the relevance of learning object 
metadata surrogates). In order to address this objective two final studies were conducted. 
Study C examined users' perceptions of the importance of several learning object 
metadata elements of LOM for relevance judgment, and Study D examined the criteria 
users employed during the evaluation of the relevance of learning object metadata 
surrogates. Study D employed a more naturalistic design, based on real user needs rather 
than a set ofpre-determined tasks (for example, like in the case of the two usability tests). 
By employing a more naturalistic design it was anticipated that participants could identify 
a wide range of relevance criteria and metadata elements as useful or not useful for 
relevance judgment. As it has been already mentioned above, the identification of 
relevance criteria can provide useful information for extending or modifying the contents 
of already existing metadata standards and application profiles (Barry, 1994; Crystal and 
Greenberg, 2006). All four studies provided useful recommendations for the design of 
learning object metadata surrogates in search result interfaces both in terms of content 
and presentation (see Chapter 13). Table 3.2 presents a summary of the research 
objectives, measures and methods employed in this thesis. These are explained in more 
detail in the following chapters. 
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Table 3 2. Summary of the research and data collection methods 
Research objectives (RO)" , Measure Research Method Output" 
(RO 3) To investigate the 
Usability 
(Time, 
Errors,Accuracy 
Satisfaction) 
Usability test 
EvaluatIOn of metadata 
surrogates In the search 
result interface of three 
LORs 
(Study A) 
usability of the presentatIon of • ________________ .. ~ 
learrung object metadata • 
surrogates 
(RO 4) To mvestIgate m-depth 
the type of content that learnmg 
object metadata surrogates 
should include in order to 
facilItate the process of 
relevance Judgment 
UsabilIty 
(Time, Accuracy, 
SatisfactIon) 
Importance of 
metadata elements 
(relevance -
usefulness) 
Relevance criteria and 
metadata elements 
(relevance -
usefulness) 
Usability test 
Evaluation of the Impact of 
certaIn presentatIOn factors 
of metadata surrogates on 
user mteractlon With 
learrung object metadata 
surrogates 
(Study B) 
Online questionnaire 
sun>ey 
Students' perceptions of 
the importance of metadata 
elements 
(Study C) 
User study ofuser-dejined 
relevance criteria 
User - centered relevance 
judgment research 
(Study D) 
(RO j based on RO 3) 
Recommendations for 
the deSign oflearning 
object metadata 
surrogates m the search 
result mterfaces of-<:-
learrung systems 
(RO j based on RO 4) 
A learnmg object 
metadata applIcatIon 
profile for metadata 
surrogates m search 
result interfaces 
The decision to examine presentation and content separately was based on two main 
factors. These were: 
• Research rigour. The investigation of the impact of presentation components on 
user interaction with leaming object metadata surrogates during the relevance 
judgment process requires a controlled experimental design that permits variable 
manipulation and elimination of noise. For example, the collection and analysis of 
27 See Section 1 1 for the aim and the objectIVes of thiS research 
2. The 'Output' represents the research objectIVe (RO) 5, see Section 1 1. 
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time, error and satisfaction data wouldn't be valid unless between subject 
variability and task effects were under control. A controlled environment, 
however, would have been too restrictive in the investigation of the type of 
criteria and metadata elements employed by students to judge the relevance of 
leaming object metadata surrogates due to the variability of user information 
needs. In this case many information scientists (e.g. Tang and Solomon, 2001; 
Barry and Schamber, 1998; Rieh, 2001) have suggested the use of more 
naturalistic studies as a means of identifying a large array of relevance criteria and 
metadata elements that can influence the content of metadata surrogates presented 
in search result interfaces. 
• Research impracticalities. The combination of usability testing and user-centered 
relevance research into a single user study would have been impractical and 
difficult to implement. For example, this could result in time consuming user 
studies, more effort from the participants and difficulty in recruiting participants. 
3.6. Summary ofthe methodological framework 
After a review of the main research paradigms and the focus on the evaluation stage of 
the design life cycle, this Chapter introduced the methodological framework for the 
evaluation of user interaction with learning object metadata surrogates in search result 
interfaces. The framework consists of three main components, that is the user, the content 
and the presentation. The aim of this PhD thesis is to investigate two relationships. The 
first is the relationship between the user and the presentation while the second is the 
relationship between the user and the' contents of a learning object metadata surrogate. 
Following the re~ults of the literature review it was suggested that the usability test 
methodology is more appropriate for measuring user interaction with the presentation. 
The methods proposed in user-centered relevance behaviour research, however, appeared 
to be more suitable in the investigation of the relationship between the user and the 
content. Therefore, a multi-method research design was applied that involved a set of four 
studies. These included usability tests as well as a survey and a user study. The analysis 
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of the data collected from these four studies provided input to the development of 
recommendations for the design of learning object metadata surrogates in search result 
interfaces both in tenns of content and presentation. 
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Chapter 4 - Methodology of Study A: Usability testing of three 
learning object repositories 
4.1. Aim and Objectives of the usability test 
The purpose of this study was to evaluate the usability of the learning object metadata 
surrogates displayed in the search result interface of three LORs: MERLOT, ARIADNE 
Knowledge Pool and JORUM. The specific objectives were to examine the impact of 
interface design (MERLOT, JORUM and ARlADNE Knowledge Pool) on: firstly, the 
time needed by users to learn how to perform a task; secondly, the errors users 
performed; thirdly, the accuracy oftheir relevance judgment; fourthly, users' satisfaction 
with the various design components of the metadata surrogate; and finally, users' 
preferences. 
4.2. Usability Test Method 
This section documents the usability testing method employed in this study. Following 
the example of previous researchers (Wilson, Landoni and Gibb, 2002; Wilson and 
Landoni, 200 I) there are four basic issues that need to be addressed for effective usability 
tests to take place. These are: 
I. The selection of the systems under evaluation; 
2. The selection and recruitment of the usability test subjects; 
3. The method of task testing; and 
4. The data collection techniques employed. 
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4.2.1. The systems under evaluation. 
This section provides a presentation of the three systems under evaluation: ARIADNE 
Knowledge Pool, MERLOT and JORUM/UK29. The selection of the three systems was 
based on the fact that they differed in terms of their metadata data structure and the 
design of the metadata surrogates presented in the search result interface. Table 4.1 
presents a summary of the characteristics of the three systems employed in this study at 
two levels. These are the overview and preview metadata surrogate level. 30 
The metadata overview interface of ARIADNE Knowledge Pool system includes 10 
metadata surrogates per page. Each surrogate is represented by the title of the resource, 
the author's name, the size of the resource and restrictions applied to the resource (for 
example, stakeholders permitted to use the resource). A more detailed and long list of 
metadata elements is displayed in the metadata preview interface which provides 
information about the content, authorship, technical features, pedagogical aspects and 
copyright issues of a particular learning object. Metadata elements are grouped in the 
following categories: general, semantics, educational, technical and meta-metadata 
(indexation). The surrogates produced conform to the ARIADNE metadata schema. 
Finally, a download button is provided at the top and the bottom of the surrogate 
providing users the opportunity to download the learning resource. 
In the metadata preview interface of MERLOT each result page displays 10 metadata 
surrogates. Each surrogate presents a short version of the metadata details assigned to a 
learning object, such as, title, author, the first sentence of the description, type of material 
and date added. In addition, information about the quality of the learning object is 
presented as well as links to peer reviews and comments. The user has the opportunity to 
customize the way results are sorted (such as by relevance, material type, date of 
uploading and date of peer review). The metadata 'preview' interface of MERLOT 
29 For a more detaJled deSCription of each system (ARIADNE Knowledge Pool, JORUM and 
MERLOT) please see AppendiX B (for a review of the three systems) and AppendiX B (for 
screenshots of the three systems) 
30 For a definition of the concepts of preview and overview In the context of metadata surrogates, 
see Section 3 4 
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includes the full details of a learning object. This infonnation is provided in a list of 
approximately 15 metadata elements. Metadata elements are randomly sorted but layered 
in sections. In addition, hypertext is used in the case of the 'location' metadata element 
(providing direct access to the learning object) and the 'browse in categories' element 
(that provides access to other relevant metadata surrogates). 
Table 4 1. Search result interface differences 
ARIADNE MERLOT JORVM 
General Use of the ARIADNE Vse of a local metadata Use of the LOM metadata 
metadata schema schema standard 
Use of blue background Use of white background Use of orange background 
colour colour colour 
Overview Few metadata elements Few metadata elements Moderate amount of 
(lttle, author, benefiCIary (lttle, author, first sentence metadata elements (lttle, 
and size of the file) of descnptlon, type of first sentences of the 
resource, date, comments description, technical 
No indIcation of how and ratings) fonnat, size, tenns and 
many results are displayed condItiOns, comments and 
per page The number of results raltngs 
retrieved and the number 
No indIcation about how of results per page is No Indication of how many 
results are sorted mdlcated results are dIsplayed per 
page 
InformatIon about how 
results are sorted is No information about how 
provided results are sorted 
Preview Use of apprOlomately 40 Use ofapproxlmately 15 Use of more than 80 
metadata elements per elements per surrogate metadata elements per 
surrogate surrogate 
Short metadata surrogate 
Moderate length of the QUIte long metadata 
metadata surrogate Metadata elements are surrogate 
randomly organized 
Metadata elements are Metadata elements are 
grouped into 5 categories The user can access the grouped into more than 6 
learmng object dIrectly by categones 
A user can access the clicking the "location" 
learmng object dIrectly by metadata element. The user can access the 
chcking the 'download' learning object dIrectly 
option from the metadata 
overvtew interface through 
the download hyperlinked 
icon 
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In the case of JORUM repository a total of 10 metadata surrogates or hits are displayed 
per page in the metadata overview interface. Each metadata surrogate includes 
information about the title, the description, technical format and the size of the learning 
object. In addition, there are links that provide users the opportunity to access comments 
( 
and view ratings related to the particular learning object as well as read the terms and 
conditions of use of the object. Furthermore, there is no indication about the way results 
are sorted. Each metadata surrogate in the result list is accompanied by a set of icons that 
represent different actions, such as previewing a learning object and accessing the full 
metadata surrogate. In the case of the metadata 'preview' interface all learning object 
metadata elements are hierarchically listed. Metadata elements are grouped in one or 
more categories of LOM standard: General, life cycle, meta-metadata, technical, 
educational, rights, relation, annotation and classification. Finally, each rnetadata 
surrogate includes more than 80 metadata elements and users are required to scroll down 
to read or search for a specific element. 
4.2.2. Usability Subjects' Profile 
Because this research intended to investigate and analyze usability issues of learning 
object metadata surrogates in Higher Education, the target population derived from this 
area. A total of 19 students in the Information and Computer Science Departments from 
Loughborough University participated in the usability test. All participants were very 
familiar with the use of computers and the WWW, they were frequent users of a wide 
variety of information services and systems and usually spent a lot of time looking for 
relevant information. None of the participants had used before or was familiar with the 
three LORs under evaluation. There were several factors that influenced the focus of this 
usability test towards frequent users of the Web: 
• It was anticipated that expert users (experienced information seekers) could 
provide more robust data regarding the design of learning object metadata 
surrogates (Rubin and Chisnell, 2008). 
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• The homogeneity of this small sample size strengthens the validity for statistical 
tests and the external validity and reduces between subject variability within this 
sample size (Su, 2003). 
• Lack of time and resources influenced the sample size of this study (for example, 
costs for recruiting participants, small number of volunteers in the test and time 
constraints as this study was part of a broader research framework). 
4.2.2.1. Participants' recruitment and involvement in the test 
For the recruitment process a variety of publicity media were involved, such as emails 
and announcements in university notice-boards. Students who expressed an interest in 
participating in the study were contacted through emails and meetings were arranged. The 
meetings took place at the Department of Information Science, Loughborough 
University. During the meeting each user was introduced to the purpose of this study and 
the concept of a metadata surrogate. This concept was introduced to the participants in 
the study as a "summary of a document" (such as ajournal article) used for selecting and 
accessing the full text document or sorting the retrieved results (Wildemuth, et al., 2002). 
In addition, screenshots of the search result interface of the institutional MetaLib portal (a 
meta-search system of full-text documents stored in distributed scholar databases) were 
presented to each participant in order to familiarise them with the concept of a metadata 
surrogate. After an introduction to basic concepts of this study, participants were asked to 
fill in a consent form and a short background questionnaire. Then, they were asked to 
perform a set of tasks using the three systems and participate in a short interview. 
4.2.3. Usability test design method 
4.2.3.1. Task list analysis and scenarios 
The main objective of the usability task testing was to evaluate users' interaction with the 
particular metadata surrogates' basic functionality and usability. In this manner, 
following a reductionist approach (Wilson and Landoni, 2001), a set of five tasks was 
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developed that reflected the perfonnance of simple and typical tasks (Wilson, Landoni 
and Gibb, 2002). Table 4.2 presents a general list of tasks perfonned by subjects in the 
usability tests. 
Table 42 List of tasks 
General tasks identical for all systems: 
1. Fmd dlgttalleammg resources about statistics 
2. NaVlgate across the first two pages of the results 
3. Chose a particular result hit and read its full details 
4. Access or download the full text of the resource 
5. Relevance judgment Task: 
ARIADNE 
Fmd an exerCISe about the use 
of excel for vocational 
learners 
MERWT 
Fmd a tutonal about the use 
of excel for graduate students 
JORUMlUK 
Fmd an exercISe about the use 
of research methods for 
Higher Education students 
The literature review of interactive infonnation seeking and interface design research 
(Marchionini, 1995; Alien, 1996; Shneidennan, Byrd and Croft, 1997) as well as a 
feature analysis of the three LORs provided the researcher with further clues about the 
tasks users perfonn when judging the relevance of metadata surrogates and facilitated the 
final selection of tasks to be perfonned in the test. 
4.2.3.2. Test design 
For the purpose of this usability test a within subjects design method was used. This 
method requires all tasks to be conducted by all the subjects of the usabilIty test. The 
same sequential order of task presentation was retained as the provision of a more 
realistic task order was more critical. Such an order minimizes the danger of confusing 
the participants by breaking the logical sequence of the perfonned tasks into a more 
randomized sequence (Rubin, 1994). In addition, a counterbalance technique was 
implemented as a mean of minimising the 'learning transfer' effects between the three 
systems (Rubin, 1994) (Table 4.3). 
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Table 4.3. The methodology framework of the usability test design. 
Subjects System Tasks 
4 JORUNVARIADN~ERLOT 1,2,3,4,5 
3 JORUMlMERLOT/ARIADNE 1,2,3,4,5 
3 MERLOT/JORUMI ARIADNE 1,2,3,4,5 
3 MERLOT/ARIADNE/JORUM 1,2,3,4,5 
3 ARlADNEIMERLOT/JORUM 1,2,3,4,5 , 
3 ARlADNE/JORUMlMERLOT 1,2,3,4,5 
4.2.4. Data Collection 
4.2.4.1. Type of data collected 
A number of 'performance' and 'preference~ data, analysed within a qualitative and 
quantitative framework, was collected. The most common types of data collected in this 
study were: 
• Performance data: 
o Time needed for the completion of each task. 
o Number of errors per task 
o Accuracy of relevance judgments (applies only to Task 5). 
• Preference data: 
o Type of errors performed. 
o Ranking or rating of the systems particular facilities based on the 
performed tasks. 
o Users' preference as indicated in the interviews. 
4.2.4.2. Data collection techniques 
Data collection instruments developed and used for the purpose of this research included 
observation through screen recording software, the use of questionnaires (background and 
post-test questionnaires), and the use of short de-briefing interviews with participants. 
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Observation 
A structured observation (Bawden, 1990) was employed that involved the collection of 
both quantitative and qualitative data about user interaction with the three LORs at the 
metadata surrogate level. The structured observation involved the recording of 
information about the time needed by participants to perform the pre-defined tasks as 
well as the number and type of errors performed. 
Observation of user interaction involved the use of a screen recording software 
(Camtasia, Version 4). The screen recording software recorded user activities while 
performing the set of pre-determined tasks and facilitated the data collection process (Le. 
quantitative data, such as time and number of errors performed, and qualitative data, such 
as type of errors conducted). 
The Background Questionnaire 
Rubin (1994) identified two main functions of the background questionnaire: 
1. It helps the formation of an in-depth knowledge about the usability test subjects' 
experiences, attitudes and preferences in areas that may influence and provide 
explanations of the way they performed during the usability test. 
2. It provides a synopsis at a group and individual level of the participants' profile. 
The background questionnaire (Appendix C) was divided in two parts. The first part of 
the questionnaire (questions 1-6) consisted of six questions that elicited information about 
the respondents' familiarisation and experience with the WWW and online information 
searching in general, as well as the systems under investigation in particular. The second 
part of the questionnaire included questions about factual information such as the 
respondents' level and subject of study (questions 7 and 8). 
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A variety of factual, information and self-perception questions, as prescribed by Busha 
and Harter (1980), were used for structuring the body of the questionnaire. As far as 
concerns the format of the questions, 'structured' questions have been employed for the 
formation of the contents of the questionnaire. Structured questions may refer to the 
selection of one or more neutral fixed responses (questions 2, 5 and 7) or the selection 
between a set of scaling fixed responses - based on a Likert-type scale - (questions 1, 3, 
4 and 6) (Busha and Harter, 1980). Finally, there was one open ended question (question 
8) that asked users to indicate their subject of study. 
The Post-Test Questionnaire 
The post-test questionnaire (Appendix D) was used for gathering unique preference data 
from the participants (Rubin and Chisnell, 2008). Specifically, the purpose of the post-
test questionnaire was to gather data about how users rated the three interfaces with 
reference to the metadata 'overview' and 'preview' search result interface (Shneiderman, 
1998; Rubin, 1994). 
Each participant was asked to complete three questionnaires - one questionnaire after the 
evaluation and task testing of each system (ARlADNE, MERLOT and JORUM). 
The literature review revealed the absence of satisfaction questionnaires for metadata 
presentation in search result interfaces. The identification and selection of the items of the 
post test subjective satisfaction questionnaire was based on the extensive literature review 
and the evaluation framework presented in Section 3.4. The theoretical foundation for 
structuring this questionnaire, however, was based on Shneiderman's 'Object-Action 
Interface model' (Shneiderman and Plaisant, 2004). In this manner, the items in the 
questionnaire were divided into three main parts: 
• Part 1: 'Overall User Reactions to the system' (Shneiderman, 1998). This part of 
the questionnaire examined the overall opinions and feelings of the participants 
about the system as a whole. Overall reaction to the system was measured against 
a set of five pairs of positive and negative adjectives. These referred to overall 
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satisfaction, stimulation and ease of use as suggested by the QUIS questionnaire 
(Shneiderman, 1998). In addition, a fourth item in this section was introduced that 
measured how easy it was for participants to judge the relevance of learning 
objects. Finally, a fifth variable was added that measured participants' confidence 
with the accuracy of their relevance judgments. This criterion was introduced by 
Drori and Tamir (2005) and Joho and Jose (2006). In particular, Drori and Tamir 
found that participants in their studies perceived this CrIterion to be the most 
important indicator of a users' overall satisfaction with metadata surrogates. 
• Part 2: 'Interface ActionslTasks'. The second part of the questionnaire 
investigated users' perceptions of the level of difficulty of various tasks 
performed using the system. 
• Part 3: 'Interface objects'. This part of the questionnaire asked users to rate their 
perceptions of various aspects of the design of metadata surrogates in the 
overview and preview search result interfaces. These aspects derived from the 
presentation component of the framework for the evaluation of user interaction 
with learning object metadata surrogates (see Section 3.4). Each factor was 
measured against a set of pairs of negative and positive adjectives drawn from the 
QUIS questionnaire (Shneiderman, 1998). 
All items in the questionnaire followed a seven point Likert scale which has been used by 
many usability and User Information Satisfaction (UIS) researchers (Lewis, 1993; 
Osgood, 1962 as cited in Bailey and Pearson, 1983; and Ives et aI., 1983). 
Interview - (De-briefing Session) 
The debriefing session included a brief semi-structured interview with the participants in 
the usability test. The de-briefing session was focused on the metadata surrogates 
presented in the search result interface of the three LORs. Participants were asked two 
questions about "Which interface [metadata surrogate] did they like most?" and "What 
aspects of the metadata surrogates participants liked and disliked?". Where appropriate 
'Probing' or 'Why' questions (Busha and Harter, 1980) were used for identifying the 
reasons that made users prefer the one metadata design interface over the other. Due to 
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the small sample size and number of questions asked during the interview, all transcripts 
were analysed manually. 
Table 4.4 summarises the data collected/measures (left hand side of the table), the data 
collection techniques involved (Top horizontal series of the table) and the criteria 
evaluated as prescribed by Nielsen (1993). 
Table 4 4. Summary of data collection techniques and data collected. 
I.Tlme needed for the 
completion of each task 
3. Number of errors per task 
4. Type of errors encountered 
5. Accuracy of relevance 
jUdgments (fask 5) 
6. Rankmg or rating of the 
systems' particular tasks/tools 
7. Users perceptions ofthe three 
systems 
4.2.4.3. Data Analysis 
Tlsk testing Satisflction Interview 
Questionnlire (De briefing 
.... ion) 
Learnablhty 
Errors 
Errors 
Errors 
SatIsfactIon 
SatIsfactIOn 
The statistical software SPSS was used to facilitate data analysis. In particular, a 'Two-
way within subject ANOVA' was conducted for the analysis of the data for time and 
errors. In addition, a set of Friedman tests were performed to examine the impact of 
interface design on users' subjective satisfaction. Finally, the data collected from the de-
briefing session were analysed manually due to the small and controllable number of 
participants in this study. The analysis of the data from the interviews was based on open 
coding grounded on the collected data (Krippendorff, 2004) and the framework of user 
interaction with metadata surrogates (see Section 3.4.). 
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4.3. Validity and Reliability of the research 
The following actions were taken in order to support the validity and reliability of this 
study: 
• The conduct of a pilot test in order to standardise and validate the experimental 
techniques and instruments used for data collection. 
• The recruitment of ~ homogeneous group of participants (for example, all 
participants were experienced users of IT and the WWW). Random heterogeneity 
of participants was controlled through the use of the background questionnaire as 
a means of supporting external validity. 
• Internal validity was accomplished through the objective and unbiased data 
collection and analysis process. In addition the use of the pilot test helped the 
researcher in refining the phrasing of the questions in the subjective satisfaction 
questionnaire minimising the risk of introducing bias in the interpretation of 
questions by the participants. 
• Statistical validity was achieved through the use of statistical tests that examined 
data distribution and investigated the impact of independent variables (interface 
designs) on users' performance and satisfaction (dependent variable). In all cases 
significance was reported when observed alpha value was smaller or equal to the 
0.05 level. In addition, where appropriate bonferroni pairwise comparison tests 
were conducted to test in more depth the significance of the relationships between 
variables. Finally, during the task testing learning transfer effects were eliminated 
through the use of counterbalancing techniques. 
• Content validity is difficult to measure and subjective in nature (Straub and 
Carlson, 1989). Several actions, however, were taken to address the content 
validity in the case of both the satisfaction questionnaire and the semi-structured 
interview. These were: the use of a pilot test as well as the conduct of an in-depth 
literature review. 
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• Finally, in the case of the satisfaction questionnaire a pilot test was conducted in 
order to test its contents. In addition, tests of reliability and construct validity were 
performed to evaluate the questionnaire (see Section 5.4. I.). 
4.4. Summary of methodology of study A 
The methodology developed aimed to facilitate the assessment, by means of a usability 
test, of the metadata surrogates presented in the search result interface of three LORs: 
ARIADNE Knowledge Pool, MERLOT and JORUM. The methodology was based on a 
four dimensional framework that includes the systems under evaluation, the selection of 
usability test subjects, the definition of the tasks of the usability test and the specification 
of a variety of data collection techniques from the area of experimental and survey 
research. Ninenteen usability test subjects (all experienced users of IT and the WWW) 
participated in the usability test phase. During the usability test participants were asked to 
perform a variety of tasks and complete background and post-test questionnaires. Each 
usability test session concluded with a de-briefing semi-structured interview. 
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Chapter 5 - Analysis of Study A: Usability evaluation of the 
three learning object repositories 
5.1. Background questionnaire 
A total of 19 students from Loughborough University participated in the study. Eight 
participants were taught postgraduate students, seven were PhD students and the 
remaining four were undergraduate students. Ten students were studying Information 
Science, two students were from the Department of Politics and seven students were from 
the Departments of Civil Engineering, Electrical and Electronic Engineering, Design and 
Technology, Economics, Sports Science and the Business School. The participants were 
very familiar users of the WWW (Likert score = 5.05) 31. In terms of WWW use, ten 
participants indicated that they used the WWW for more than 10 hours per week, five 
participants between five to 10 hours per week, and four participants used the WWW less 
than four hours per week. Participants used the WWW for a variety of reasons, such as, 
reading textual information, communicating with peers and sharing information (Table 1, 
Appendix E). They were also frequent users of various EIS (Electronic Information 
Services) such as, the library OPAC, the library portal, scholar databases, search engines 
and subject guides (Table 2, Appendix E). Finally, none of the participants in the study 
had used the three systems under investigation previously. 
5.2. Analysis of Time Data 
Two tests, a Kolmogorov-Smirnov and a Shapiro-Wllk, were conducted in order to 
examine the distribution of time data. The results of both tests revealed that time data was 
normally distributed well above the 0.05 threshold (p-value = 0.200, for the Kolmogorov-
Smlrnov and p-value = 0.095, for the Shapiro-Wllk) (Table 1, Appendix F). The presence 
of a normal data distribution was also confirmed by the histogram (Figure 1, Appendix F) 
31 Data obtained from a 7 -point Llkert scale. 
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and the Normal Q-Q plot for time data (Figure 2, Appendix F). Thus, these findings 
supported the use of parametric tests to address the objectives stated in section 4.1.. The 
parametric test employed in this study was a two way within subjects ANOVA. The 
selection of the particular test was based on the col1ection of repeated measures across 
two factors. The first factor was the Interface type (three levels: MERLOT, ARIADNE 
and JORUM) and the second, the Tasks performed with each Interface type. The 
Mauchly's test of Sphericity (Table 1, Appendix G) confirmed the equality ofvariances 
for the Interface type factor but not for the factor representing the interaction between 
Interface type and Tasks. Thus, the results of the Sphericity Assumed tests are reported for 
the Interface type factor while the results of the corrected Huynh-Feldr2 test are reported 
for the Interface type - Task interaction. In addition, several one-way within subjects 
ANOVA tests were performed to examine differences between interfaces for each task. In 
this case, the Mauchly's test of sphericity (Table 2, Appendix G) indicated the 
appropriateness of the Sphericity Assumed test for tasks 1,2, 3 and 5. For task 4 the 
heterogeneity of covariance suggested the use of the corrected Huynh-Feldt test. 
5.2.1. The impact of metadata surrogate design on task completion time 
A two-way within subjects ANOV A test was conducted to investigate differences in the 
mean time needed by users to perform all tasks across the three interfaces. The results 
revealed that the effect of Interface type on the overal1 mean time was significant: F(2, 
36) = 45.890, p< 0.01. In particular, 'participants needed a mean time of 51 seconds to 
perform all tasks using the ARIADNE interface, 106.5 seconds using the JORUM 
interface, and 49 seconds using the MERLOT interface. The Bonferroni pairwise 
comparison tests showed significant differences between JORUM and the other two 
interfaces at the 0.011evel. 
32 The particular test was selected due to the small number of participants In the study, for 
example, n<1000 (Brace et al , 2006) 
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The resu lts of the two-way within ANOVA also revealed that there were s ignificant 
differences for the interaction between Interface type and the Tasks performed: F(2.3 19, 
41.744) = 8.711 , P < 0.01 (Table 3, Appendix G) . This showed that users needed more 
time to perform the tasks using the JORUM system and that the effect of type of Task 
was sign ificantly reduced for the other two interfaces (see Figure 5.1). 
Task 1 Task 2 Task 3 Task 4 TaskS 
Task 
Figure 5. I. Difference in time across the fi ve tasks 
. ARIADNE 
. JORUM 
DMERLOT 
This finding was also supported by the results of the one-way within subjects ANOVA 
tests. These tests examined whether there were any differences in the time needed by 
users to perform each of the five tasks using the three interfaces (see Table 5. I ). 
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Table 5.1. Differences in time (seconds) across the fi ve tasks 
ARIADNE JORUM MERLOT p-value BonferroneJ 
(secs) (secs) (secs) 
Task 1 29.6 59.2 32.5 0.01 JORUM > MERLOT 
JORUM> ARJADNE 
Task 2 11 15.7 10 .5 0.01 JORUM > MERLOT 
JORUM > ARJADNE 
Task3 31 77.3 27.6 0.01 JORUM > MERLOT 
JORUM > ARJADNE 
Task 4 14.3 67.6 11.5 0.01 JORUM > MERLOT 
JORUM > ARJADNE 
Task 5 169. 1 312.7 164 0.0 1 JORUM > MERLOT 
JORUM > ARJADNE 
[n the case of Task I participants needed 29.6 seconds in ARIADNE, 32.5 seconds in 
MERLOT and 59 seconds in JORUM. This difference was sign ificant at the 0.0 I level 
(F(2, 36)=35.900, P < 0.0 I, partial T)' = 0.666). The Bonferroni pairwise comparison 
revealed that there were significant differences in time between JORUM and the other 
two interfaces at the 0.0 I level. In particular, during Task I users did not like the browse 
fac ility, the small search box and the ambiguous advanced search interface of the 
JORUM interface which they found difficu lt to use. 
[n Task 2 participants were asked to navigate across the first two pages of the search 
result overview interface. This task was qui te straightforward across all three systems. 
Participants needed 10.5 seconds in the MERLOT interface, I I seconds in ARIADNE 
interface and 15 .7 seconds in the JORUM interface. These differences were significant at 
the 0.01 level (F(2,36)=9.583, p<O.O 1, partial T) ' = 0.347) between JORUM and 
ARIADNE and between JORUM and MERLOT. 
In the case of Task 3, users of the JORUM system found it difficult to access the full 
contents of the metadata surrogate and it took them longer to navigate from the overview 
to the metadata preview interface. Whi le performing th is task, users were confused by the 
lack of a hypertext that would provide access to the full metadata surrogate (see Figure 
33 All significant at the 0.05 level. 
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5.2). The use of hyperlinked icons instead of hypertext did not provide participants with 
enough information about which hyperl ink corresponded to the task at hand (i.e. provided 
access to the metadata surrogate preview). Participants completed this task in 27 .6 
seconds using MERLOT, 31 seconds using ARIADNE and 77.3 seconds using JORUM. 
This difference was significant at the 0.0 I level: F (2,36)=87 .603, p<O.O I, partial 1] ' = 
0.830. The Bonferroni pairwise comparisons showed that this difference was significant 
between JORUM and ARlADNE, as well as between JORUM and MERLOT at the 0.01 
level. 
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Figure 5.2. Task 3: Accessing the metadata preview interface 
In the case of Task 4, participants needed sign ificantly more time to complete the task of 
accessing the learning object in JORUM (67.6 seconds) . In the case of JORUM, a 
hyperlink was not provided within the metadata surrogate preview interface, thus users 
had to go back to the overview interface and examine the options provided next to each 
surrogate (Figure 5.3). Participants completed thi s task in 11.5 seconds using the 
MERLOT system and 14.3 using the ARlADNE. The difference between the three 
interfaces was statistically significant at the 0.01 level (F (1.077, 19.392)=30.089, P < 
0.0 I , partial 1] ' = 0.626)34 The Bonferroni pairwise comparisons also showed that this 
34 Due to the heterogeneity of covariance the results of the Huynh-Feldt test are reported . 
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difference was significant between JORUM and the other two systems at the 0.0 I level. 
However, no significant differences were observed between MERLOT and ARlADNE. 
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Figure 5.3. Task 4: Accessing the leaming object. Participants expected to access the 
learning object from the metadata preview interface (A). The learning object, however, 
was accessible only from the overview interface (B). In the laner case participants had to 
identify which colored box was responsible for down loading the learning object. The lack 
of clear hypertext made this Task significantly less time efficient in JORUM. 
Finally, in the case of Task 5, users of the JORUM system found it difficult to locate the 
metadata elements that would help them judge the relevance of the learning object due to 
the information cluttered and lengthy metadata surrogate prev iew. Participants needed a 
mean time of 312.7 seconds to complete thi s task in JORUM, 164 seconds in MERLOT 
and 169. 1 seconds in the ARIADNE interface. The difference was significant at the 0.0 I 
level (F (2, 36) = 13.997, p<O.OI, partial 7]' = 0.437) and the Bonferroni pairwise 
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comparisons showed that it was observed between the JORUM and the other two 
interfaces. 
Summarising, the analysis of the data showed that participants needed more time to 
complete the tasks using the JORUM system rather than MERLOT and ARlADNE. It 
appears that the metadata surrogates presented in JORUM were less efficient in the case 
of Tasks 3 (access ing the metadata surrogate preview), 4 (access ing-down loading the 
learning object) and 5 (relevance judgment task). This happened because the metadata 
surrogates in JORUM: 
• Included hyperlinked icons, instead of hypertext, that did not describe well their 
ro le. 
• Displayed a metadata surrogate preview interface which was cluttered. This made 
difficu lt for participants to judge re levance in the case of Task 5. 
• They did not provide users the opportunity to down load the learning object 
directly from the metadata surrogate preview interface. In this case the user had to 
return back to the search result overview interface and select the appropriate 
hyperlinked icon. 
The MERLOT system was the most time efficient, However, the ANOVA tests showed 
that participants' performance in ARIADNE and MERLOT did not differ significantly. 
5.3. Analysis of Errors 
Two tests, a Kolmogorov-Smirnov and a Shapiro-Wilk, were conducted in order to 
examine the distribution of error data. The results of both tests revealed that error data 
was normally distributed well above the 0.05 threshold (p-value = 0.200, for the 
Kolmogorov-Smirnov and p-value = 0.783, for the Shapiro-Wilk) (Table I, Appendix H). 
The presence of a normal data distribution was also confirmed by the histogram (Figure 
I , Appendix H) and the Normal Q-Q plot for time data (Figure 2, Appendix H) . Thus, 
these findings supported the use of a parametric test in order to examine whether the three 
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Interface types differed in terms of errors. The parametric test employed in this study was 
a two way within subjects ANOVA. The Mauchly's test of Sphericity (Table I, Appendix 
I) confirmed the equal ity ofvariances for all factors when the Huynh-Feldt correction test 
was selected. In add ition, several one-way within subjects ANOVA tests were performed 
to examine differences between interfaces for each task. The Mauchly's test of sphericity 
(Tab le 2, Appendix I) indicated the use of the Huyhh-Feldt test due to the heterogeneity 
of covariance. 
5.3.1. The impact of interface design on the number of errors perfo rmed 
A two-way within subjects ANOVA test was conducted to investigate any differences in 
the number of errors performed by participants while completing the di fferent tasks in the 
three systems. The resu lts revealed that the effect of Interface type on the overall error 
rate was statistica ll y significant at the 0.0 1 level: F (2, 36) = 104.405 , p< 0.0 1. 
Participants performed no errors in the case of Tasks I and 2. However, errors occurred 
during the completion of Tasks 3, 4 and 5. Since there were no errors for Tasks land 2 
across the three systems, the ana lysis was focused on Tasks 3, 4 and 5. 
JORUM was the most error prone system. In particular, during Task 3 users of the 
JORUM system found it difficult to navigate fro m the overview to the preview interface 
in order to access the full metadata surrogate. In this case, the use of ambiguous 
hyperlinked icons, instead of a clear hypertext, did not help participants to select the 
correct icon and access the full metadata surrogate. Participants needed a mean number of 
2.5 errors to complete thi s task in JORUM . For thi s task the mean error rate was zero in 
the case of ARlADNE and 0.5 in MERLOT. The one-way within subjects ANOVA test 
showed that the difference between the three systems was statistically significant at the 
0.01 level: F (1.075, 19.341) = 92.122, partial 1] 2 = 0.837. Table 5.2 summarises the 
number and type of errors users in thi s study performed during Task 3 in JORUM . In 
addition, Figu re 5.4 presents the location where these errors occurred in thi s system. 
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Table 5.2. Errors for Task 3 in JORU M. ·...;;.;.:N~o..;....;o":"f =E-rr-o-r-s-
Click on tbe object preview link 15 
Click on the metadata workflow link 13 
Click on the download link 13 
Click on the browser's 'back' button 4 
Click on the comments link 3 
Advanced Search tesults 184 objects found 
Search fer "suits which match I AIJ. Iv I 
constraints 
1 
C"1N'''':;::: 3 Pi"!"'!! i:':'1~12 J • 5 • Z a ~: 5 
S et aD Resel . thods 
lID Dlag and drop exercise where learners de ' nfIN to classify different methods of research I 
,,;'" as case studies, survrys, question ' and gO>'emmanl statistics, 
2 average rating: (no ra~gs) Terms & CQo d,lig DS , 
I Jeach I I recllll lC,ll !=olmill : applicationlmSW'Old Size of object: 'Zl kb 
Figure 5.4. Errors for Task 3 in JORUM. These errors were: ( I) Object preview li nk, (2) 
Metadata workflow link, (3) Download link, (4)Browser's Back button, (5) Comments 
link and (6) li nk for access ing the metadata surrogate preview (correct action). 
Simi larl y, the performance of Task 4 in JORUM involved the cumbersome process fo r 
participants to download the full text of the learning object. A hyperlink was not provided 
with in the metadata surrogate preview, thus users had to go back to the search result 
overview interface and check the options provided next to each metadata surrogate. Like 
in the case of Task 3, however, these options were presented as icons, instead of text, and 
they did not describe well their role next to each surrogate. Another type of error 
invo lved the use of blue co lour for the text included within the Keyword and Description 
metadata elements of the metadata preview interface. Two participants perceived that text 
within these metadata elements was hypertext and tried to click on it in order to download 
the learning object. However, the blue co loured text was not hyperlinked and did not 
provide access to the learning object. During Task 4 participants performed a mean 
number of 0.89 errors using the JO RUM interface, 0.3 1 using the ARlADNE and 0.1 
using the MERLOT. This difference was statistically significant at the 0.0 I level (F 
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( 1.803, 32.463) = 9.000, p<O.O I , partial 7J' = 0.333). Table 5.3. prov ides a summary of 
the errors users performed during Task 4 in JORUM and Figure 5.5 presents the location 
of these errors. 
0 "" . 
Table 5.3. Errors for Task 4 in JOR;,;U;;M=. ____ --
No of Errors 
C lick on the object preview link 
Click on the metadata workflow link 
C lick on the metadata information preview 
link 
Click on the text of the Keyword and 
Description metadata elements 
6 
4 
3 
2 
~ r.~~N--f~f ------~~ ~-.~------------------------------------------------~I· Cl ~ 
- -- ------ - - - - - - - - - - - --- - - - - -------
• • JORUM I ~ I advanced I browse I work I RcvICw1 Accouut pow~'od 
_<- ImlI sO,!!!=h Ilblll UIOO profile I help I logo", Intra LI 
Advanced Search 
Search fer results which match 1.All Iv I 
constraints 
I sin1lIe selllchredt 1 ... 1 
Description 
1 
$ . 3 1 Results 184 objects found 
c,",,1 """£ill ~ 5 ".,,11 ;m.", ~ «<[1J 2 J ! 56l6.a z. ~ 
~ t!:I ® ReHarch methods 
IJD Drag end drop exercise wtlereleamers decide how 10 classify different methods of research ~ 
~ as caSEI studies. SUMlVS Dueslionnailes and OOYBmmenLslalislics 
'2 " g h1tp:fIltpodtoly.jor.-n . .x.uk/inllaliblaly/lnlllllibrary?convnand-vMw-nMtada16&le.Jolnint-0bjt<U . Micl 
I Information (metadata) about the Object 
Gtntl,l llnlolrna!lon 
TIU, 
Cata logut fnuy 
C,II.,log 
Resnrch methods (en) 
Intraubrary·QAI 
Copy this mI!!adatil 
(01 use ill m,ladall ,d,tOl 
C;:allllo!) rof, ronc, oai:uk. ac.ed.ucs,bodach.jorum:5B3 (x. none) 
l.m!)uilg. of rHQUI U English 
OHCliplio ll 
K, ywold 
K' ywold 
Drag and drop ex.rein wh.f8 lumers dacrd. howlo classify different 
mathGds of I8starch such as case studies, SUMlY. , questtonnalllS 
and gowmmon! s!atis!ics, (en) 
mllhqdglo9Y (en) 4 
dn 'iI 'ql! 'G1lqo (en) / 
qualitJlivI ' 9\Uf!~h (en) 
Exercise explaining the use of the term 'm argin of error' in 
surveys. Includes links to related web resources. interactive self 
assessment tests and a bibliography. (en) 
Figure 5.5. Errors for Task 4 in JORUM. These were: (I) Object preview link, (2) 
Metadata workflow link, (3) Metadata information preview, (4) Keyword and Description 
metadata elements, and (5) Link for accessing-downloading the learning object (correct 
action). 
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Finally, in the case of Task 5, users of the JORUM system found it difficult to identify 
the metadata elements that would help them judge the relevance of the learning object 
due to the long and information cluttered metadata surrogate preview interface. This 
resulted in poor relevance judgments (see Section 5.3.2. about the accuracy of relevance 
judgments) and an increase in the number of searches for learning objects. Participants 
performed a mean number of 1.6 errors in the JORUM system, 0.5 errors in ARIADNE 
and 0.1 errors in MERLOT. The difference between the three systems was significant at 
the 0.01 level: F (1.261 , 22.700) = 40.935, p<O.O I, partial r7' = 0.695 . Table 5.4 
summarises the errors users performed wh ile performing Task 5 in JORUM. These were 
discussed in the case of Tasks 3 and 4, and have been grouped into two categories: 
I. Errors made while the participants tried to navigate from the overview to the 
metadata surrogate preview interface. In this case, the lack of clear hypertext 
resulted in wrong guesses about the correct hyperlink. 
2. Errors made whi le the participants tried to access-down load the learning object. 
These errors occurred due to the lack of clear hypertext from the options 
presented next to each surrogate in the overview interface, and also the use of blue 
colour for non hypertext in the case of the preview interface. 
Table 5.4. Errors for task 5 in JO ..:R,;,;U;;.M~. ~::-::' __ _ 
No of Errors 
1. Errors made while the participants tried to 
navigate from the metadata preview to the 
overview interface 
Click on the metadata workflow link 
Click on the rnetadata information preview 
link 
2. Errors made while the user tried to access 
the learning object 
Click on the text of the Keyword and 
Description metadata elements (presented in 
blue colour) 
Click on the object preview link 
12 
10 
3 
5 
In the case of ARIADNE and MERLOT systems, participants made fewer errors. With 
MERLOT, participants performed one error during the completion of Task 3, and two 
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errors in Tasks 4 and 5 respectively. In the case of Task 3 one participant clicked on the 
wrong link wh il e trying to navigate from the overview to the preview interfac (for 
example, the participant clicked on the Peer review link instead of clicking on the 
hyperlinked Title metadata element). In the case of Task 4 another participant clicked on 
the hyperlinked subject headings of the Browse in ca/egories option, while a second 
participant clicked on the "file" option of the browser in order to download the learning 
object (see Figure 5.6) . During Task 5 one participant used the backwards option of the 
browser while trying to down load the learning object and another participant clicked on 
the ' contribute a material ' option in the metadata overview interface for the same reason 
(the correct action for down loading the learn ing object from the surrogate required both 
users to click on the "go to material" link of the Loca/ion metadata element). 
In the case of ARIADNE five participants used the Expor/ LOM link to download the 
learning object instead of the Download button whi le they were trying to complete task 4 
(Figure 5.7) . The same error was performed by one more participant during Task 5. 
Finally, during task 4 another participant clicked on the File option of the browser menu 
in order to down load the learning object (F igure 5.7). 
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Figure 5.6. Errors for Task 4 in MERLOT: ( I) One user tried to down load the learning 
object using the Browse in categories; (2) Another user tried to down load it through the 
File option in the browser (Fi le -+ Save); (3 ) Correct action, the user had to click on the 
go to material link. 
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Figure 5.7. Errors for Task 4 in ARIADNE: (I) A participant tried to down load the 
learning object by cl icking on the Exporl LOM option; (2) Another user tried to down load 
the learning object through the File option of the browser; (3) Correct action. 
Summarising, the analysis of errors showed that the metadata surrogates of the JORUM 
system were significantly more error prone than the surrogates presented in MERLOT 
and ARIADNE. The errors occurred in the case of Task 3 (access ing the metadata 
surrogate preview), Task 4 (accessing-down load ing the learn ing object) and Task 5 
(relevance judgment task). The majority of errors in JORUM occurred due to the use of 
hyperlinked icons instead of clear hypertext, the use of information cluttered metadata 
surrogate preview interface and the presentation of non-hypertext in blue color. 
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5.3.2. Impact of interface design on the accuracy of relevance judgments (Task 5) 
In the case of Task 5 (relevance judgment task) participants were asked to find a relevant 
learning object. Relevance was judged by matching the details presented in the metadata 
surrogates retrieved against the terms of the task provided to users beforehand (see Table 
4.2). The results revealed that almost all the participants in the ARIADNE and MERLOT 
systems managed to find the correct learning object. Only two participants did not find 
the correct learning object in the case of ARIADNE and three participants in the case of 
, 
the MERLOT system. The remaining participants managed to find the learning object 
that corresponded to the requirements defined in the task at hand. In the case of the 
JORUM system, however, a total of eleven participants (58%) did not manage to identify 
the correct learning object after the evaluation of the learning object metadata surrogates 
in the search result interface. This low level of accuracy can be attributed to several 
factors. These factors were identified during the analysis of the data collected from the 
interviews that followed the usability test (see Section 5.5) and included the amount of 
information included in the metadata surrogate preview, the structure and positioning of 
metadata elements in the surrogate as well as the highlighting of query terms and key 
metadata elements in the metadata surrogate preview interface of JORUM. For example, 
some participants in the interviews admitted that they did not read all the metadata 
elements of the metadata surrogate of JORUM and that they were confused by the 
structure and presentation of metadata elements in the metadata preview interface of this 
system. 
5.4. Analysis of Subjective satisfaction questionnaire 
5.4.1. Reliability and validity of the questionnaire 
The literature review revealed the lack of validated research instruments in order to 
measure user satisfaction with the design of the metadata surrogates in search result 
interfaces of IR systems. This study attempted to address this gap by developing and 
psychometrically testing a satisfaction questionnaire that evaluated users' satisfaction 
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with several tasks that take place during their interaction with metadata surrogates, such 
as navigating across the results, navigating from the overview to the preview interface, 
and accessing the learning object itself. In addition, it assessed user satisfaction with 
several presentation-design characteristics of metadata surrogates. These were presented 
in the evaluation framework for metadata surrogates in Section 3.4. 
Two types of tests were performed to investigate the reliability and construct validity of 
the questionnaire. The first was a set of statistical tests that examined the correlation 
between the items in each scale and the second investigated the correlation between each 
scale and the total questionnaire score. The purpose of these two types of tests was the 
examination of the reliability and construct validity respectively. These are discussed 
below. 
Construct validity examines the theory underlying the creation of the measurement 
instrument (Nunnally and Bemstein, 1994). A widely used method for evaluating 
construct validity is the multi-trait, multi-method validation developed by Campbell and 
Fiske that is based on the presence or absence of a highly positive correlation between at 
least two different constructs measured by two different methods (also known as 
discriminant and convergent validity) (Nunnally and Bemstein, 1994). Due to the lack of 
other validated measures that can be used to test the discriminant and convergent validity 
of this questionnaire, another approach to construct validity was implemented as 
suggested by Lewis (1993) and Ives et al. (1983). This approach includes the 
investigation of the correlation between the individual scales - items of the questionnaire 
and the total questionnaire score. In order to test the construct validity of this 
questionnaire a set of Spearman's correlation tests were performed. The use of non 
parametric tests was based on the ordinal type of data collected from this study. The 
findings of the correlation tests revealed that all questionnaire items were significantly 
correlated with the overall mean score of the questionnaire at the 0.01 level revealing a 
good level of construct validity (see Table 1, Appendix K). 
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Reliability examines the deviation of an observed value from the true value thus the 
measurement error of a data collection instrument (Nunnally and Bernstein, 1994). A 
measurement error should be either constant (for example, due to the use of inappropriate 
items in a questionnaire) or random (such as bias during the interpretation of data or 
administration ofa questionnaire) (Nunnally and Bernstein, 1994). Cronbach's alpha (or 
coefficient alpha) is a powerful statistical technique for estimating the reliability of scales 
in a questionnaire and reporting on its internal consistency (Ives et aI., 1983). For 
example, if the scales of a questionnaire were measuring the same or a similar construct 
then they would be highly correlated with each other reporting small standard deviation 
(Brace et aI., 2006). The Cronbach's Alpha value for reliability was calculated after the 
data collection. There is a debate about the required level of reliability. It is argued that 
this tends to be lower for exploratory research and higher for confirmatory studies (Straub 
and Carlson, 1989). As a rule of thumb, however, many researchers have used the 0.80 
level as a threshold for reliability (Straub and Carlson, 1989; Ives et aI., 1983) with the 
0.70 level being also acceptable (Brace et aI., 2006). For the needs of this questionnaire 
Cronbach's alpha or coefficient alpha has been measured for each individual scale of the 
questionnaire. The results of the inter-item correlations within each scale revealed a good 
level of reliability that ranged between 0.67 and 0.83 (Table 2, Appendix K). 
Except for the two measures of construct validity and internal reliability, the items of the 
questionnaire were also tested for content or face validity. This type of validity examined 
whether a particular instrument covers the main content components or constructs of 
inquiry. For example, in the case of the specific questionnaire content validity involved 
whether the questionnaire included the main factors affecting user interaction with 
learning object metadata surrogates. This examination was facilitated through a literature 
review (Chapter 2) and a review of the contents of the questionnaire by two experts in the 
field of learning object metadata and information systems evaluation. 
The statistical analysis of the data of this questionnaire was based on a series of Friedman 
tests that investigated differences in user satisfaction between the three interfaces for each 
item' of the questionnaire. The selection of the particular non parametric statistical test 
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was based on the ordinal type of data collected from the subjective satisfaction 
questionnaire (Siegel and Castellan, 1988; Con over, 1999). 
5.4.2. The impact of interface design on user satisfaction 
Table 5.5 summarizes the results of participants' overall reactions towards the three 
interfaces. The results revealed that participants in this study were more satisfied with the 
MERLOT system for four out of the five criteria under examination. Therefore, 
participants were more satisfied with the MERLOT system which they also found to be 
more stimulating, easier to evaluate the usefulness of the results retrieved and finally 
more confident with the accuracy of their relevance judgments. The ARIADNE system, 
however, was perceived to be easier to use by participants. The Friedman tests showed 
that these differences were statistically significant at the 0.01 level35• 
Table 5 5. Likert scores for overall subjective satisfaction 
OvenU reactions to tbe system: ARlADNE JORUM MERLOT 
Frustrating vs SatlstYIng 458 363 5.53* 
Dull vs Stimulating 3.95 368 5.58* 
Difficult vs Easy 5.74* 284 563 
Difficult vs Easy to evaluate the 
usefulness of the results 432 300 5.47* 
retrieved 
Not at all confident vs Very 
confident With the accuracy of 4 16 3 84 5.58* 
relevance judgments 
*The difference IS statistically Significant at the 001 level (Fnedman tests) 
As it is shown in Table 5.6 participants in the study were more satisfied with the easy of 
use, user-friendliness and reliability of tasks in the ARlADNE and MERLOT interface 
rather than in the JORUM. In particular, participants found MERLOT to be easier and 
"(Frustrating vs SatIsfymg : X 2 (2, N = 19) = 20.985, p < 0.0005; Dull vs Stimulating' 
X2(2,N=19)= 22.030,p < 0.0005; Difficult vs Easy: X 2(2,N=19)=21.701,p=0.0005; 
Difficult vs Easy to evaluate the usefulness of the results retneved. 
X2(2,N = 19) = 17.520,p < 0.0005; Not at all Confident vs Very confident with the accuracy of 
relevance Judgments: X2 (2, N = 19) = 18.105, p < 0.005 } 
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more friendly when navigating across the results. This difference, however, was not 
statistically significant. Furthermore, participants found MERLOT to be significantly 
easier to use (X 2 (2,N = 19) = 4.983,p = 0.0083), friendlier (X2 (2, N=19) = 5.903, p = 
0.053) and more reliable (X 2(2,N=19)=12.264,p<D.OI) than ARlADNE and 
JORUM when navigating from the metadata surrogate overview search results interface 
to metadata surrogates at the preview level. 
Participants, however, found the ARlADNE interface to be significantly more reliable 
when navigating across the results than MERLOT or JORUM, 
X2(2,N = 19) = 12.264,p < 0.01. In addition, they perceived the metadata surrogates in 
ARlADNE easier to use (X2(2,N =19) = 3 1.460, p < 0.0005), 
(X2(2,N = 19) = 25.531,p < 0.0005) 
(X2(2,N = 19) = 14.893,p < 0.01). 
and more 
Table 5 6 Likert scores for subjective satisfaction across the tasks Eerformed 
friendlier 
reliable 
Navigating across the results: ARIADNE JORUM MERLOT 
Difficult vs Easy 5.74 5.21 6.05 
Unfriendly vs Fnendly 553 5.05 6.05 
Unrehable vs Reliable 6.47- 5.47 626 
Navigating from the resulb page 
to individual metadata records: 
Difficult vs Easy 632 311 6.53-
Unfriendly vs Friendly 616 295 6.58-
Unreliable vs Rehable 642 458 6.68-
Accessing the full-text learning 
resource: 
Difficult vs Easy 6.16- 305 5.37 
Unfriendly vs Friendly 5.58- 305 547 
Unrehable vs Reliable 6.16- 474 5.63 
-The rufference IS statlstlcally slgmficant at the 0.01 level (Friechnan tests) 
Tables 5.7, 5.8 and 5.9 present questions about user satisfaction with the metadata 
surrogates displayed in the overview and preview search result interface of the three 
systems across several design factors that were identified during the literature review and 
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they were included in the evaluation framework of user interaction with learning object 
metadata surrogates (see Section 3.4). The results are presented below: 
Sorting oJmetadata surrogates in the overview 
As it is shown in Table 5.7, participants were more satisfied with the sorting ofmetadata 
surrogates in the MERLOT system which they perceived as friendlier 
(X 2(2,N = 19) = 17.273,p < 0.0005), more clear (X 2(2,N = 19) = 14.818,p < 0.01) and 
more useful (X 2 (2,N=19)=14.567,p<0.01) than ARlADNE and JORUM. The 
difference between the three interfaces was statistically significant at the 0.01 level for all 
items except for the item that measured the consistency with which metadata surrogates 
were sorted. It is suggested that the lack of information about the way the results were 
sorted in ARIADNE and JORUM accounted for the low level of satisfaction with the 
particular interfaces. For example, in the case of MERLOT such information was 
present. In addition, participants had the opportunity to alter the sorting of surrogates by 
selecting different criteria, such as date or relevance. 
Presentation oJJont type and size oJmetadata elements 
Participants were more satisfied with the presentation of the font type and size of 
metadata elements in the surrogates of the MERLOT system. In particular, they found 
that the metadata elements in this system were significantly more readable 
(X 2(2,N = 19) = 20.459,p < 0 0005), more clear (X 2 (2,N = 19) = 23.014,P < 0.0005), 
more consistent (X 2(2,N = 19) = J3.714,p < 0.01) and more useful 
(X 2(2,N=19)=12.783,p<0.01) in the case of the MERLOT interface rather than 
JORUM or ARIADNE (Table 5.7). 
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Table 5.7. User satisfaction wIth aspects of the overview-preview search result interface. 
ThOlorting-orderincoftbe ARIADNE JORUM MERLOT 
retrieved results: 
Unfnendly vs Fnendly 
Confusing vs Clear 
Inconsistent vs Consistent 
Not at all useful vs Useful 
The font type aud size of metadata 
elements: 
Hard to read vs Easy to read 
Confusmg vs Clear 
Inconsistent vs Consistent 
Not at all useful vs Useful 
411 
3.68 
526 
3.79 
463 
421 
505 
416 
468 
4.32 
4.95 
4.05 
5.16 
4.26 
505 
521 
'The difference IS statistically Significant at the 001 level (Fnedman tests) 
Highlighting of query terms and key metadata elements 
6.00* 
5.53* 
5.68 
5.47* 
6.42* 
6.26* 
6.11* 
5.68* 
As it is shown in Table 5.8, participants were also more satisfied with the highlighting of 
key metadata elements in MERLOT. In particular, participants found that the highlighting 
of key metadata elements in the metadata surrogate of MERLOT was significantly more 
user-friendly (X2(2,N = 19) = 14.881,p < 0.01), clear 
(X 2(2,N = 19) = 22.725,p < 0.0005), consistent (X2(2,N = 19) = 28.719,P < 0 0005) 
and useful (X2(2,N=19)=21.942,p<0.0005) than in the case of JORUM and 
ARlADNE. 
Structure of the metadata surrogate 
In the case of the structure of the metadata surrogate, participants were significantly more 
satisfied with the user friendliness (X2(2,N = 19) = 17.238,p < 0.0005) and clarity 
(X2(2,N = 19) = 25.667,p < 0.0005) of the ARlADNE interface but they preferred the 
consistency (X2(2,N = 19) = 21.719,p < 0.0005) and usefulness 
(X2(2,N = 19) = 27.382,p < 0.0005) of the structure in the MERLOT system (Table 
5.8). 
156 
Chapter 5 - Analysis of Study A 
Order-positioning of met ad at a elements in the surrogate 
Participants were also significantly more satisfied with the order of presentation of the 
metadata elements in the metadata surrogate of the MERLOT interface. In particular, 
they found the order of metadata elements to be significantly more friendly 
(X 2(2,N = 19) = 29.032,p < 0.0005), clear (X 2(2,N = 19) = 27.516,p < 0.0005), 
consistent (X2 (2,N= 19)= 17.200,p <0.0005) and useful 
(X 2 (2,N=19)=3J.886,p<0.0005)in MERLOT rather than ARIADNE or JORUM 
(Table 5.8). 
Amount of information contained in the surrogate 
MERLOT was rated more positive in the case of the amount of infonnation contained 
within the metadata surrogate. Participants found that the amount of infonnation in the 
metadata surrogates of MERLOT was more friendly 
(X 2(2,N = 19) = 22.164,p < 0.0005), rich (X 2 (2,N = 19) = 24.471,p < 0.0005), 
consistent (X 2 (2,N = 19) = 15.600,p < 0.0005) and useful 
(X 2 (2,N = 19) = 20.344,p < 0.0005) than the amount of infonnation included in 
JORUM and ARIADNE (Table 5.8). 
The information presented in the abstract-description of the metadata surrogate 
Similarly, Table 5.8 shows that participants were more satisfied with the presentation of 
the abstract of the metadata surrogate in the MERLOT interface which they perceived to 
be significantly more easy to read (X 2 (2,N = 19) = 16.407,p < 0.0005), clear 
(X 2 (2,N = 19) = 18.862,p <0.0005), useful (X 2(2,N = 19) = 15.485,p < 0.0005) and 
rich in details (X 2 (2,N = 19) = 7.311,p < 0.05) that the abstracts presented in the 
surrogates of JORUM and ARIADNE. 
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Table 5 8. User satisfaction with aspects of the overview-preview search result interface. 
The highlighting of key metadata ARlADNE JORUM MERLOT 
elements In the surrogate: 
Unfriendly vs Fnendly 
ConfuSIng vs Clear 
Inconsistent vs ConsIstent 
Not at all useful vs Useful 
The strnctare of tbe metadata 
surrogate: 
Unfnendly vs Fnendly 
Confusmg vs Clear 
InconsIstent vs Consistent 
Not at all useful vs Useful 
The order of presentation of metadata 
elements In the surrogate: 
Unfriendly vs Friendly 
Confusing vs Clear 
InconSIstent vs ConsIstent 
Not at all useful vs Useful 
The amount of information included in 
the surrogate: 
Unfhendly vs Friendly 
Poor vs Rich 
Inconsistent vs Consistent 
Not useful vs Useful 
The information presented in tbe 
abstract or description element of the 
metadata surrogate: 
Hard to read vs Easy to read 
Confusmg vs Clear 
Not at all useful vs Useful 
Poor vs Rich 
5.16 
4.58 
6.00* 
4.89 
5.42* 
5.32* 
5.26 
5.05 
432 
426 
5.58 
442 
453 
4.32 
516 
4.74 
521 
426 
4.42 
405 
3.84 
2.89 
389 
347 
3.74 
3.42 
426 
3.11 
321 
326 
4.53 
311 
447 
3.74 
426 
3.47 
463 
489 
468 
468 
*The dIfference IS statistIcally slgmficant at the 0 01 level (Fnedman tests) 
'*The dIfference IS statistically SIgnificant at the 0 05 level (Friedman tests) 
Use o/hyperlinks, graphics and colour 
5.68* 
5.84* 
6.00* 
6.05* 
521 
5.21 
6.00* 
5.68* 
5.79* 
6.11* 
6.21* 
6.26* 
6.11* 
5.89* 
5.63* 
5.05* 
6.11* 
6.00* 
6.00* 
4.95** 
Finally, Table 5.9 shows that participants were significantly more satisfied with the use of 
hyperlinks (X 2(2,N = 19) = 11.556,p < 0.01), graphics 
(X 2 (2,N = 19) = 16.095,p < 0.0005) and colour (X 2(2,N = 19) = 29.304,p < 0.0005) in 
the case of the MERLOT interface rather than JORUM and ARlADNE. 
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Table 5 9 User satisfaction with the use ofhyPerlinks, graphics and colour. 
The use of hyperliDks: ARlADNE JORUM MERWT 
Not at all useful vs Useful 3.95 5.11 5.47* 
The use of gnphics: 
Not at all useful vs Useful 2.79 4.53 4.47* 
The use of colour: 
Not at all useful vs Useful 3.26 505 5.84* 
"The dIfference IS statistIcally sIgnIficant at the 0 01 level (Fnedman tests) 
Summarising, the results of the subjective satisfaction questionnaire showed that 
participants were significantly more satisfied with MERLOT rather than ARIADNE and 
JORUM for the majority of the tasks performed and the design factors (such as structure, 
ordering of metadata elements, highlighting, fort tyPe and size, and presentation of an 
abstract). The ARIADNE system outperformed the other two systems in the case of the 
clarity and user-friendliness of the structure of the metadata surrogate. Participants were 
significantly less satisfied with the presentation of metadata surrogates in JORUM. 
5.5. Analysis of Interviews 
5.5.1. The learning object metadata surrogate that users preferred the most 
At the beginning of the interview, participants were asked to indicate which learning 
object metadata surrogate preview interface preferred most and why. The analysis of 
responses revealed that a t0tl!l of 15 participants indicated that MERLOT was the 
interface that preferred most for the representation of metadata surrogates and only four 
participants chose ARIADNE. None of the participants preferred the JORUM system. 
Eight participants valued the fact that the content of the metadata surrogate in MERLOT 
was more clear and easier to understand than in the case of ARlADNE and JORUM. Six 
participants mentioned that they liked the fact that a wide variety of metadata tyPes, 
ranging from content to technical to educational metadata, were presented in a relatively 
short screen in MERLOT. An equal number of participants liked the way metadata 
elements in MERLOT were divided and lined up into sections as well as the short length 
of the metadata surrogate. 
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"/ think that the iriformation contained in MERLOT was 
much easier to understand ... Most of the elements, like 
title, primary audience, date modified or date added are 
straightforward and provide a good understandmg about 
their scope ... " 
"All metadata elements are located in a short screen and 
there is no need to scroll down and down" 
[Participant 13] 
[Participant 7] 
The reasons why four users preferred ARIADNE over MERLOT were related to the fact 
that the former interface adopted a hierarchical order in order to present metadata 
elements and their vocabularies as well as because it included more metadata elements 
per surrogate in the preview interface that better facilitated the relevance judgment 
process. In addition, metadata elements were layered in groups while labels were used to 
indicate the scope of each group of metadata elements. Based on participants' responses 
the hierarchical and layered presentation of the metadata surrogate improved the scanning 
of the metadata surrogate while the provision of more metadata elements provided them 
with more confidence about their relevance judgments: 
"/ think that ARIADNE is very simple and presents some 
good qualities like the division of content into labeled 
sections of educatIOnal, technical or general [metadata}. 
Although some informatIOn is difficult to understand like 
the indexation and semantics in overall / think that the 
contents of the interface helped me focus on the 
information that / needed" 
[Participant 10] 
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"The ARlADNE IS easy to use and interact with, all 
informatIOn is layered and each layer differs from the 
other in terms of content Although it includes some 
information not relevant to me the fact that it is organized 
in layers makes it more efficient to scan" 
"There are many things I do not like about ARlADNE but 
in overall I think that the structure of metadata and the 
use of labels works really well" 
[participant 15] 
[participant 14] 
Based on the analysis of users' responses from the first question of the interview as well 
as question 2 ("Please indicate what you liked and disliked most about each interface?") 
several factors that made users dislike or like a particular interface were identified. The 
selection of these factors (or categories) was based on a grounded analysis of users' 
responses (from questions 1 and 2) and the framework for the evaluation of user 
interaction with learning object metadata surrogates in search result interfaces (see Figure 
3.2). These factors or categories were: 
• Metadata element content. 
• Use of added functionality. 
• Amount ofInformationltext length 
• The use of graphics, such as the thumbnails 
• Highlighting of query and key terms. 
• Indication of the quality of the digital learning resource. 
• The colour of the interface of the metadata surrogate. 
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• The structure of the metadata surrogate. 
• Positioning-ordering of key metadata elements 
• The font type and size of the metadata surrogate. 
The following section presents the analysis of the likes and dislikes for each of the above 
factors or categories. It is worth mentioning, that the factors mentioned above do not 
apply equally to all three systems. For example, the positioning and structure appear as 
features that participants liked about ARIADNE, but they disliked them in the case of 
JORUM. 
5.5.2. Likes and dislikes about the presentation of learning object metadata 
surrogates. 
5.5.2.1. Likes and dislikes about the metadata element content 
Likes about metadata element content in MERLOT 
A total of eight participants preferred the metadata elements and vocabularies of the 
MERLOT interface which they perceived to be more clear and easy to understand than 
the ARIADNE and JORUM. For example, some participants indicated that metadata 
elements like the Title, Audience, Date modified and Date added provided a good 
summary about the scope of the learning object. 
"1 think that the information contained in MERLOT was 
much easier to understand ... M~st of the elements, like 
title, primary audience, date modified or date added are 
straightforward and provide a good understanding about 
their scope" 
[Participant \3] 
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In addition, a total of six participants liked the fact that a wide variety of metadata types, 
ranging from content to technical and educational metadata were presented in a relatively 
short screen. Some of these metadata elements were: Title, Author and Author affiliation, 
Material type, Audience, Language, Date modified and Cost: 
"MERLOT gives you a comprehensive overview of the 
resource and describes several aspects of it like its title, 
author, the material type, the audience and the language. 
So I can gain a better and broader view of the resource in 
a small space .1 mean within a single screen size" 
Dislikes about metadata element content in MERLOT 
[participant 2] 
Although the core of the metadata surrogate preview interface included some easy to 
understand and useful metadata elements for users to judge relevance, the interface of the 
metadata surrogate preview was also populated with some irrelevant information. For 
example, in the top of the screen there were various options displayed, such as 
Community, Learnmg material and Member directory. According to six participants, 
these were not relevant to the contents of the metadata surrogate and in some cases 
participants felt that this slowed down their relevance judgment process: 
"I don't think that all this mformatlOn at the top IS 
relevant. At the beginnmg I thought that these links were 
relevant but they are not. so instead of reading the 
details of the resource I tried few of these links... the 
learning material and communities hyperlinks ... because 
of curiosity" 
[participants 5] 
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It is worth mentioning that this participant needed 422 seconds to perform Task 5 which 
is much higher than the mean time of 164 seconds. Other participants argued that the 
links at the top of the page should be either placed towards the end of the metadata 
surrogate preview interface or removed from it: 
"I would like to see only the relevant information. I know 
that these are qUIte usefol links but it takes time to visit 
them. Alternatively, these should be positioned at the 
bottom end of the screen" 
[participant 3] 
Finally, one participant did not like the role of the Browse in categories element of 
MERLOT. Specifically, the particular user found it difficult to understand the role of this 
elemene6• In addition, this participant thought that the contents of the Browse in 
categories were broad and did not describe the contents of the learning object 
sufficiently. 
Likes about metadata element content in JORUM 
Although none of the participants of this study preferred the metadata surrogate preview 
interface of JORUM, a total of three participants liked the use of the Description, 
ClassificatIOn, Status and Revision elements which they perceived as useful and easy to 
understand. In particular, they mentioned that the status and revision elements were not 
displayed in the metadata surrogates ofMERLOT and ARIADNE interfaces. 
"I liked that [i e. the metadata surrogate J zncludes 
information about the status and the revision of the 
36 The 'Browse In categories' element provided users the opportUnity to retneve other related to a 
specific surrogate surrogates The 'Browse In categones' Included a set of hyperlinked subject 
categories. By clicking on a specific category the user can retrieve metadata surrogates that are 
relevant to thiS category It IS Similar In function With the 'Relation' metadata element of the LOM 
standard and the UK LOM Core application profile 
164 
Chapter 5 - Analysis of Study A 
resource. There was not similar information in the other 
systems that I was asked to use" 
" ... the description and classification terms are fine and 
give usefol information about the contents" 
Dislikes about metadata element content in JORUM 
[Participant 5] 
[participant 7] 
Six participants mentioned that many metadata elements were unclear and difficult to 
understand, such as in the case of the Contributor, Life cycle, Catalog entry, Contribution 
to record, Format o/record, Locations in library, Classified by, DRM [i e. Digital Rights 
Management], V-card and PermIssion id. Finally, one participant mentioned that, in the 
case of some metadata surrogates, there was some redundant information, like in the case 
of the catalog entry metadata element. 
Dislikes about metadata element content in ARIADNE 
None of the participants in the study made positive comments about the contents of the 
metadata surrogate in the ARIADNE interface. A total of seven participants argued that 
they found it difficult to understand the meaning of some metadata elements and 
especially those included in the indexing and semantics metadata categories. Some 
responses participants gave were: 
"There are some usefol elements but I did not 
understand what some of this information really 
means .. jor example the indexing group is not very 
clear or what does this means? And the semantics are 
not very well presented, more clear terminology should 
be used" 
[participant 7] 
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Summarizing, the analysis of participants' responses about the content of the metadata 
surrogate revealed that they were more satisfied with the metadata elements included in 
the MERLOT interface, such as Title, Description, Date, Cost and Audience. Participants 
found the semantics used in JORUM and ARlADNE to be less clear and useful. This was 
more evident in the case of the Semantics and Indexation metadata elements of 
ARlADNE, as well as the V-card, Permission id, Catalog entry and DRM elements of the 
JORUM. 
5.5.2.2. Likes and Dislikes about the amount of information in the surrogate 
Likes about the amount of information in MERLOT and ARIADNE 
Eleven participants in the study mentioned that they were satisfied with the amount of 
information in MERLOT. In addition, seven participant liked the amount of information 
included in ARlADNE. This happened because the metadata surrogate previews of these 
two systems contained a less cluttered interface design that required a little (in the case of 
ARlADNE) or no scroIling down (in the case of MERLOT). Participants also mentioned 
that both interfaces included a fair amount of metadata elements that covered basic 
aspects of the learning object as opposed to what happens in the case of many web search 
engines that present only the title and an abstract of the contents of a web-page: 
"I liked that MERLOT had fewer details than JORUM, 
but also It didn't exclude other important information like 
it happens with many search engines that I have used, 
like Google that displays just few sentences ". 
Dislikes about the amount of information in JORUM 
[participant 7] 
All participants indicated that they were not satisfied with the amount of information 
included in the metadata surrogate preview interface of JORUM. In particular, 
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participants were reluctant to read the contents of the surrogate or scroll down a long list 
of metadata elements: 
"[ think that the main disadvantage of this system IS that 
it includes too much information, thus havmg to scroll 
down and down .. to find something usefol" 
[Participant 12] 
In addition, three participants indicated that the interface layout did not help them 
navigate across the long list of metadata elements and identify relevant metadata 
elements within the metadata surrogate preview interface. These participants suggested 
that the use of easy to understand and relevant labels - headings for each group of 
metadata elements and the highlighting of metadata elements that were relevant to the 
query could speed up the scanning of the metadata surrogate preview interface of 
JORUM: 
"[ tried to use the labels of each group in order to 
identify the most relevant information ... but that was not 
really helpfol" 
"Perhaps information that is relevant to what [ am 
looking for should be m bold or displayed in a different 
colour" 
Dislikes about the amount of information in all three systems 
, 
[Participant 17] 
[participant 2] 
Finally, eight participants did not like any type of interface in terms of the amount of 
information contained in it. These participants suggested that only metadata elements 
relevant to their information needs should be displayed in the metadata surrogates. They 
justified their negative attitude towards metadata surrogates that included a rich amount 
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of metadata elements by arguing that not all metadata elements were relevant to their 
information need during the completion of Task 5 and that metadata surrogates that 
contained a large amount of metadata elements were difficult to read and evaluate. 
5.5.2.3. Likes and dislikes about added functionality 
Likes about addedfunctionality in MERLOT 
In terms of added functionality three participants mentioned that they liked the fact that 
they had the opportunity to e-mail or save the metadata surrogate, as well as the option to 
retrieve other relevant surrogates by clicking the Browse in categories; 
"I liked the fact that I can save or e-mail the metadata 
surrogate so that I can examme it later on. For example, 
this option is not provided by other systems I have 
used ... like Google" 
"I also liked the use of hyperlmks in the Browse in 
categories I can access quickly other resources with a 
simIlar subject ... I think that these links [i e. the 
hyperlinked terms of the Browse in categories] are too 
broad so this results in more information ... I guess it is a 
way to expand the results retrieved" 
[participant 2] 
[Participant 4] 
Except for the functionality provided by the Save, E-mail, and Browse in categories 
options, three participants were also satisfied with the "go to material" link that provided 
them with the opportunity to access the learning object directly from the context of the 
metadata surrogate preview interface. Participants' mental models of accessing the 
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learning object appeared to align with the process of downloading a learning object in 
MERLOT which involved the presence of a link for downloading the learning object 
from within the metadata surrogate preview interface and the use of a user-centred 
statement to present this link to the user (such as go to material). These participants were 
either frustrated by the absence of a download option from the metadata surrogate 
preview interface of the JORUM system, or they found the use of the Download and 
Export LOM options in the ARIADNE Knowledge Pool system confusing. 
Likes about addedfunctionality in JORUM 
Three participants also indicated that they particularly liked the use of hypertext in the 
metadata surrogate preview interface, such as in the case of the classification group of 
metadata elements. The metadata elements of the classification group linked to other 
relevant learning object metadata surrogates. This function was similar to the Browse in 
categories of the MERLOT system which participants found useful. One participant also 
mentioned that this function can be useful at the initial stages of an information seeking 
task and especially in the case when a searcher is not sure about what is relevant or not. 
Therefore, it appears that function similar to the Browse In categorIes of MERLOT or the 
Classification group of metadata elements of JORUM were useful in the case of high ill 
defined information needs: 
"Generally I liked that the classification information 
dIrects you to another site wIth relevant to that topic 
information. It is interesting especially when I am not 
quite sure about my topic of search or I need forther 
information . for example, at the beginning of a search" 
Dislikes about addedfunctionality in JORUM 
[participant 7] 
Eight participants were confused by the process of downloading the learning object. The 
downloading process was not performed within the metadata surrogate preview interface. 
169 
Chapter 5 - Analysis of Study A 
Instead users had to go back to the overview search result interface and download it by 
clicking on the appropriate option (i.e. hyperlinked icon). The findings of the quantitative 
data of this study showed that participants needed more time to download a learning 
object using JORUM rather than ARIADNE or MERLOT. The screen recordings showed 
that this happened due to the low usability of the downloading option in JORUM. This 
option was represented by a hyperlinked icon that did not describe appropriately its role 
in the interface: 
"It was hard to access the full resource, the symbols 
displayed instead of text were a bit confusmg especially 
at the beginning. Although I think that the next time I am 
gomg to use the system I will be aware of it. I hope ". 
[participant 7] 
Although few participants mentioned that the performance of the task of downloading the 
learning object could be improved through practice, thus suggesting a learning transfer 
effect, this cannot be supported by the quantitative data. For example, the analysis of 
errors did not support the presence of a learning effect and participants repeated the errors 
that occurred during Tasks 3 and 4 in the performance of Task 5 (a composite task that 
contained both Tasks 3 and 4). 
Two participants also did not like the absence of help information for accessing and 
downloading the learning object: 
"The system did not include a help menu or other 
information to help me access the learning material". 
[Participant 3] 
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Except for the dislIkes about the process of downloading a learning object, one 
participant criticized the use of standard link colour (Le. blue) to represent non-hyper-
textual information in the metadata surrogate preview interface of JORUM: 
" I also didn't like many lmks that they were not 
accessible ... this is confosing ... why was I not able to 
click on them ... they seemed to be links to me". 
[Participant 8] 
A review of the rnetadata surrogates with which the particular participant interacted with 
revealed that some of them used blue font color for the contents of the DescriptIOn 
metadata element. None of the contents of this element, however, were hyperlinks. 
Likes about added functionality in ARIADNE 
Three participants were satisfied by the presence of the download link in the context of 
the metadata surrogate preview interface for downloading and accessing the digital 
learning object. These participants agreed that the particular function was clear and easy 
to use. 
Dislikes about added functionality in ARIADNE 
Two participants did not like the lack of added functionality, such as the use of 
hyperlinks that link to other relevant learning object rnetadata surrogates, or the option to 
print, save and e-mail the metadata surrogate. The ARIADNE interface made a poor use 
of hypertext and did not provide options for users to manipulate the learning object 
metadata surrogate. 
Finally, one participant was not satisfied by the presence of the Export LOMlink which is 
displayed next to the Download option. The Export LOM link provides users the 
opportunity to download the full learning object metadata surrogate in XML format. This 
participant did not understand the role and functionality of the particular option: 
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"I didn't like the export fonction, doesn't make sense, I 
am accessing an file but I do not know why this is 
presented to me ... It should be removed" . 
5.5.2.4. Likes and dislikes about the use of graphics 
Likes about the use of graphics in MERLOT 
[Participant 8] 
One participant liked the use of a thumbnail to display the interface layout of the digital 
learning object. Although the use of a thumbnail was not critical for the execution of the 
tasks performed by participants in this study, the same participant mentioned that in other 
cases a thumbnail could disclose information about the design of a web page, or help a 
web searcher to decide whether a particular learning object has been used before: 
"Although I did not find it partICularly usefol in the case 
of these tasks that I was asked to peiform I think that It IS 
really nice to have an image of the resource I am about to 
access. For example, it could provide usefol information 
even more usefol than text ... For example, sometImes I 
can't recall how a website which I have used before looks 
like or It can provide me information about the design of 
the web page " 
Likes about the use of graphics in ARIADNE 
[Participant 5] 
A total of three participants liked the simple interface design of the metadata surrogate in 
ARIADNE and the absence of "noise" and other non-relevant information. For example, 
one participant mentioned: 
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"It is very clear and avoids the use of non relevant links 
and useless Images that direct me outside this page ". 
5.5.2.5. Likes and dislikes about the use of highlighting 
Likes about the use of highlighting in MERLOT 
[participant 6] 
Seven participants mentioned that they liked that the metadata surrogates in MERLOT 
were bold faced and used a larger font size to indicate the title of a learning object. These 
participants disliked the lack of highlighting in the case of the JORUM and ARIADNE 
system. 
Furthermore, nine participants also suggested that the systems under evaluation should 
highlight the query terms, like in the case of the Google search engine. Highlighting 
should speed up the scanning ofthe learning object metadata surrogates: 
"I should be able to focus only on specific information or 
mformation that is based on the keywords I used to 
search This is something that am familiar With, I rely 
quite often on the keywords highlighted by Google when I 
search for information and It is quite good the fact that I 
can quickly scan for something useful" 
Dislikes about the use of highlighting in ARIADNE and JORUM 
[Participant 8] 
Seven participants mentioned that they were unhappy about the lack of highlighting of 
key metadata elements, like the Title. In particular, participants preferred the key 
metadata elements to be highlighted either through the use of a different colour or 
through the use a larger font size. This would increase the visibility of important metadata 
elements: 
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"1 do not like that the title is not visible 1 think that all 
important information should be indicated by a different 
colour, also the title should be displayed In a larger font 
size ". 
[Participant 4] 
5.5.2.6. Likes and dislikes about the indication of the quality oflhe resource 
Likes about the indication of the quality of the resource in MERLOT 
Six participants mentioned the presence of peer reviews and ratings about the quality of 
the resource as a valuable characteristic of MERLOT over JORUM37 and ARIADNE. In 
particular, respondents argued that the ratings and peer reviews could help them judge the 
quality of the learning object and therefore, whether a learning object should be pursued 
or not. For example, one participant argued: 
"1 liked the use of ratings because they helped me reach a 
decision about the quality of the resource ... So a resource 
that is peer reviewed has more authority and validity than 
a learning material that has not been evaluated before ". 
[participant 2] 
Also, five participants liked the graphical representation of quality indicators (Le. the use 
of stars to indicate the level of quality of a specific learning object). These participants 
argued that this graphical representation increased the visibility of the information about 
the quality of the learning object. 
37 It IS worth mentioning that although JORUM Includes ratings of the quality of the dlgltallearmng 
object, these appear In the overview search result Interface and not In the metadata surrogate 
preview Interface 
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Two participants, however, expressed a concern about the origins of these reviews or the 
, 
, 
control process involved in posting them: 
"] thmk that most materials in MERLOT have passed a 
peer review process for assessing theIr quality ... it makes 
me think, however, who is responsIble for these reviews, 
for example, a committee of libraries or anyone can 
upload comments and post a review? ] think this IS a bit 
of concern" 
[participant 11] 
Dislikes about the indication of the quality of the resource inARIADNE and JORUM 
Three participants in the study did not like the absence of information about the quality of 
the learning object from the metadata surrogate preview interface of ARIADNE and 
JORUM. These participants argued that the absence of such information questioned the 
level of quality of the learning objects described by the metadata surrogates. 
"There is no mformation about the value of the 
material ... there are no peer reviews or other comments" 
[participant 9, for JORUM] 
"The inclusion of information about the quality of the 
resource could be useful, now ] am not sure whether 
there are any standards m the inclusion of material in the 
database" 
[Participant 12, for ARIADNE] 
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5.5.2.7. Likes and dislikes about the colour of the metadata surrogate 
Likes about the colour of the metadata surrogate in MERLOT 
Six participants in the study preferred the white background of MERLOT over the blue 
and orange background color of ARIADNE and JORUM respectively. In particular, 
participants found the white background of MERLOT to be more relaxing and contrasted 
well with the black text. For example, Participant 8 said: HI lzked that MERLOT has a lot 
of white space, it is more relaxing than the other two systems ". Another participant 
(participant 7) provided similar comments: "Definitely, I liked the use of white color 
background and black text, they contrast well making much easier to read and evaluate 
the details ". 
Dislikes about the colour of the metadata surrogate in MERLOT 
Two participants mentioned that a standard link color (for example, blue) should be used 
to indicate better the presence of hypertext in the case of the go to material link. These 
participants did not like the use of an orange colour to represent hypertext because it 
decreased its visibility. For example, Participant 4 said: "I thznk that the go to material 
link should be more visible ... it is a lznk but it is not in a colour that indicates the presence 
of a link". 
Dislikes about the color of met ad at a surrogate in JORUM 
Nine participants mentioned that they did not like the use of an orange background for 
displaying the contents of the metadata surrogate. Participants' responses, revealed that 
they did not like the orange background because it decreased the readability. For 
example, Participant 9 said: HI am not satisfied with the use of orange colour I think it 
slowed me down while reading". Some of these participants did not find the use of 
orange color aesthetically plaisant, such as Participant 18: HI do not like the use of colour 
in this interface, I lzke the simple webpage style when black and white color is used". 
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In addition, four participants disliked the use of blue color to represent non hypertext, like 
in the case of the contents of the Description metadata element. For example, Participant 
5 said: "The content of the description is in a blue colour, but the other mformation is 
displayed in black. This made me wonder why I was unable to click on It as it looked like 
a hyperlinked object ". 
Dislikes about the use of color of the metadata surrogate in ARIADNE 
Eleven participants in the interview indicated that they did not like the use of a blue 
background colour. They argued that this slowed down their reading process and reduced 
the readability of the characters in the text. This happened due to the low contrast 
between the background and the text. Both used different shades of blue that decreased 
the visibility ofthe text. For example, participant 1 said: : "The text is not too visible and , 
it does not contrast well with the blue background". 
5.5.2.B. Likes and Dislikes about the structure of the metadata surrogate 
Likes about the structure of the metadata surrogate in MERLOT 
Eight participants liked the way the contents of the metadata surrogate were structured in 
the case of the MERLOT system. Users' comments were focused on the fact that 
metadata elements were divided in sections and lined up as well as the fact that all 
metadata elements (including information about peer reviews and comments) were 
included in a single screen without having to scroll down like in the case of ARIADNE 
and JORUM systems. Some of the most representative comments participants made 
were: 
"It has a good number of metadata elements, not too 
many but also not too few. I also liked that these are 
mcluded in one screen, and divided into different 
sectIons" 
[participant 12] 
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"I liked the way metadata elements are divided and lined 
up" 
[participant 3] 
Dislikes about the structure of the metadata su"ogate in MERLOT 
Nine participants argued that they did not like the absence of clear structure and lack of 
indication about what type of information each group of metadata represented. Four 
participants indicated that this could be facilitated through the use of group headings or 
labels and clearer sections, like in the case of ARIADNE and JORUM. For example, one 
participant said: 
"I liked the way metadata elements are divided in rows 
through the use 0/ lines ... However I am not qUIte sure 
whether these lines form diffetent sections ... For example, 
there is no logical connection between cost and primary 
audience so this information should be dIsplayed in 
different sections .. otherwise headmgs should be used to 
indicate what each group [of elements] represents ". 
Likes about the structure of the metadata surrogate in JORUM 
[participant 3] 
A total of four participants were satisfied with the way metadata elements were structured 
in the surrogate. In particular, the four participants liked the hierarchical structure of the 
metadata surrogate that facilitated the process of information scanning. For example, 
Participant 12, said: "The metadata elements were hierarchically presented, thus 
improvmg scanning and searching/or a particular element". 
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Dislikes about the structure of the metadata su"ogate in JORUM 
All participants in the study disliked having to scroll down a long list of metadata 
elements. Nine participants made suggestions about how metadata elements should be 
structured in the metadata surrogate preview interface of JORUM. These were: 
• the inclusion of the most important and/or relevant metadata elements, or 
• the division of metadata elements into clusters or categories that display only 
elements that are relevant to each cluster or category in the metadata surrogate 
preview. These clusters or categories should fit in a single screen. For example, 
one participant suggested: 
"The fact that mformation is displayed in a hierarchy 
helped me a lot, but having to scroll down a list of thiS 
size is demanding in terms of time and effort ... the effort 
to select the most useful increases I think that the best 
solution would be the diVision of information into 
sections or groups that will display only information 
related to a particular category. For example, by 
selectmg the education category I should be able to read 
only information about the educational quality of the 
material. But again thiS information should be presented 
within a single screen .. something like one size fits all 
information regardless of its amount" 
[participant 8] 
Following the analysis of participants' responses, these suggestions aimed at reducing the 
effort spent by participants to identify relevant metadata elements within the surrogate 
(Le. the metadata elements that were useful for judging whether the surrogate 
corresponded to a relevant learning object), minimize the amount of scrolling required to 
review the metadata surrogate at the preview level and increase user satisfaction with the 
display of metadata surrogates. Some examples of such responses were: 
179 
Chapter 5 - Analysis of Study A 
"I think that the dIsplay only of metadata elements that 
are relevant to a specific category could speed up the 
scanmng of the contents of the metadata surrogate and 
the identification of information that is important to my 
needs" 
"I don't really like the length of the information in 
JORUM, a shorter dIsplay of information maybe in a 
single screen would be more pleasant. The way 
informatIOn is displayed in JORUM is somewhat 
discouraging to read" 
Likes about the structure of the metadata surrogate in ARIADNE 
[Participant 12] 
[Participant 14] 
Fourteen participants in the study hked the structure of the metadata surrogate in 
ARIADNE. In particular, they liked the fact that metadata surrogates were layered into 
sections, used headings to introduce the different sections of the surrogate, and did not 
require a lot of scrolling down. For example, Participant 18 said: "I think that It balances 
aspects of the other two systems ... 1 mean that it is not too long and there are sectIOns 
WIth labels that makes scanning much easier". 
Dislikes about the structure of the metadata surrogate in ARIADNE 
Two participants were not satisfied with the structure of the metadata surrogate. In 
particular, these participants disliked scrolling down (e.g. Participant 1: " ... there is much 
information and scrolling down is necessary ') and they did not like the headings used to 
introduce some sections of the metadata surrogate (such as indexation or Semantics) and 
did not think that these headings adequately described the metadata elements contained 
within them. For example, participant 2 said: "I think the terms used as headings for 
some sections are not indIcative of the actual content, like the Indexdtion which I do not 
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know what is about or semantics for which a good alternative could be 'LIst of 
Keywords' ". 
5.5.2.9. Positioning of met ad at a elements in the surrogate 
The analysis of interviews revealed that participants did not like the positioning of 
metadata elements in any interface. Therefore, this part of the analysis focuses only on 
the dislikes. 
Dislikes about the positioning of metadata elements in MERLOT 
Six participants disliked the positioning-ordering of some metadata elements within the 
metadata surrogate preview interface of MERLOT. For example, there was no logical or 
semantic relationship between the Cost and Audience metadata elements which appeared 
in the same section at the bottom of the metadata surrogate. These participants did not 
like the lack of logical or semantic similarity between metadata elements: 
" ... However I am not quite sure whether these lmesform 
different sections ... For example, there is no logical 
connection between cost and primary audience so this 
information should be displayed in different sections ". 
Dislikes about the positioning of met ad at a elements in JORUM 
[participant 3] 
Four participants mentioned that they did not like the order with which metadata elements 
and categories were presented within the surrogate. This applies in the case of the 
educational, technical and classification metadata elements which should be located in 
the top of the screen. The positioning of these metadata elements at the top was based on 
the fact that these elements appeared to be more important for the evaluation of learning 
objects. For example, Participant 8 gave the following response in the case of the 
educational metadata elements: "Because this system focuses on learning material I think 
that it would be more helpful if educational metadata were placed at the top and not near 
181 
• 
Chapter 5 - Analysis of Study A 
the bottom of the page ". While in the case of the classification metadata elements 
Participant 3 said: 
"Classification information IS near the bottom of the 
page. I think that it is more important information than 
other information displayed above ... [Then the participant 
was asked to name which information was less important 
than the classification section} .. for example above the 
catalog entry. or rights ... I also think that the name of the 
author should not be displayed near the top of the screen 
as well". 
In addition, two participants indicated that they did not find the positioning-ordering of 
metadata elements within the General, Life-cycle and Meta-metadata categories to be 
useful. However, the respondents did not make any recommendations about how the 
metadata elements within these categories should be sorted. The reason was that most 
participants did not understand the role of the Life-cycle and Meta-metadata elements for 
relevance judgment. For example, one participant indicated that the display of the Meta-
metadata category was not useful and this information should not be displayed to the user 
Participant 3 said: "I think that thIs category [i e meta-metadata} IS not useful. it does 
not provide any useful information to evaluate the relevance of the information ... I think 
that by removing this information it WIll be a lot easIer to read the information on the 
screen". 
Dislikes about the positioning of metadata elements in ARIADNE 
Three participants indicated that they did not like the position and sorting of metadata 
elements within the surrogate. For example, participants expected that information about 
the educational characteristics of a resource should be displayed near the top of the 
surrogate (e.g. Participant 4: "I do not like the way contents are ordered. for example. 
educational information is at the bottom. I think that all important information should be 
located at the top of the page "). Another participant justified this by arguing that useful 
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information for relevance judgment should be presented at the top of the metadata 
surrogate: 
"Maybe some informatIon that is important for 
evaluatzng the material should be included in a different 
section at the top .. Now it is spread across the page ". 
[Participant 11] 
Finally, one more participant criticized the ordering of metadata elements within the 
semantics group of metadata elements were not logically presented and semantically 
related. For example, participant 3 mentioned: 
"Also the informatIon within the semantics makes no 
sense to me. For example, in the semantics category the 
mazn concept, which by the way I thznk it is equal to say 
"keywords" or "subject terms" should be placed before 
Science type, Main Discipline and Sub-discipline 
information that is much broader" 
5.5.2.10. Likes and dislikes about the font type and size 
Likes about the use offont type and size in MERLOT 
[participant 3] 
One participant mentioned the use of bold faced font for metadata elements as an 
advantage of the metadata surrogate of the MERLOT interface over JORUM and 
ARIADNE, for example, Participant 17 said: "Information is bold faced and VIsible, this 
is also because as I saId earlier there is a good contrast between background colour and 
the text". 
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Dislikes about the use offont size and type of the metadata su"ogate of JORUM and 
ARIADNE 
Two participants mentioned that a larger font size should be used to represent the title of 
the learning object. It is worth mentioning that all three systems used a 9-10pt font size. 
Therefore, a larger font size could improve the visibility and readability of the text. For 
example, participant 14 said: "Larger font size should be used for the title ... 1 thought that 
1 missed that informatIOn ". Also, another two participants mentioned that a larger font 
size should be used in ARlADNE as well. Participants responses showed that this could 
improve the readability and speed up the scanning of the contents of the metadata 
surrogate. 
Finally, Tables 5.10. and 5.11 present a summary of the likes and dislikes of each 
interface across the set of factors or categories identified during the analysis of the 
interviews. 
J 
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Table 5.1 0 Summary of positive usability aspects (Likes about the three interfaces) 
Me/adala 
content 
Added 
functionality 
Amount of 
information 
Graphics 
Highlightmg 
Quality 
Colour 
Structure 
Font type and 
size 
MERLOT JORUM ARlADNE 
EIght partICIpants valued the fact that 
the content of the metadata surrogate 
was more clear and easy to understand 
than m the case of ARIADNE and 
JORUM. In addIlIon, SIX partICIpants 
lIked the fact that a WIde varIety of 
metadata types were presented m a 
short screen 
lbree partiCIpants mentioned that they 
lIked the fact that they had the 
OpportunIty manIpulate the meladala 
surrogate In addItIOn, three 
parlICIpants lIked the OpportunIty to 
access the resource dIrectly from the 
context of the metadata surrogate 
Three parlIcIpants lIked the use 
of the descnptlOn, 
clasSification, status and 
reVISion elements which they 
perceIved as useful and easy to 
underslImd 
Thee partIcipants also 
mdIcated that they parlIcularly 
lIked the use ofhypertext 
Three partiCipants were 
satIsfied by the presence of 
the download button for 
downloadmg the dIgItal 
learnmg resource 
All partiCIpants hked the amount of mformatlon Included In the metadata surrogate preview 
interface ofMERLOT and ARlADNE rather than JORUM However, many parlICIpants dIslIked 
the presentatl.on of too httte mformatIon like in the case of web search engmes (e g Google) 
One partICIpant lIked the use of 
thumbnllIls 
Seven partICIpants lIked the fact that 
the tItle elements was bold faced and 
made VISIble 
SIX partiCipants mentioned the 
presence of peer reVIews and ratmgs 
about the qualIty of the resource as a 
valuable charactenstIc ofMERLOT 
over JORUM and ARIADNE 
SIX users preferred the whIte 
background ofMERLOT over the blue 
and orange background of ARIADNE 
and MERLOT respectIvely 
EIght partICIpants lIked the way 
metadata elements In MERLOT were 
diVided and lmed up mto SectiOns as 
well as the short length of the metadala 
surrogate 
One partICIpant lIked the use of black 
boldfaced font for metadata elements 
Four parlICIpants lIked the 
hIerarchical structure of the 
metedata surrogate that 
facilitated the process of 
scannmg 
Three partICIpants lIked 
the Simple mterface deSign 
Fourteen partICIpants lIked 
the fact that metadata 
surrogates were short, 
layered mto sectiOns, and 
used group headmgs 
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Table 5.11. Summary of negative usability aspects (Dislikes about the three interfaces) 
MetadaJa 
content 
Added 
functionailty 
Amount of 
infol7lllltion 
Highlighting 
Quality 
Colour 
Structure 
PosItioning of 
key elements 
Font type and 
size 
MERLOT JORUM ARIADNE 
SIC partIcIpants belIeved that the SlX partiCipants mentioned that 
Interface of the metadata surrogate many metadata elements were 
preview was populated With some difficult to understand 
Irrelevant mfonnatIon 
Seven partlClpants found difficult 
to understand the meanmg of 
some metadata elements and 
especIally those included m the 
mdexmg and semantlcs metadata 
categories One partlclpant dId not hke the role 
of the 'Browse In categones' 
element ofMERLOT 
EIght partiCIpants were 
frustrated by the process of 
downloadmg the dIgItal 
learrung resource 
All partIcIpants dISliked the 
large number of metadata 
elements that made dIfficult to 
read the contents or to IdentIfy 
relevant elements for Judgmg 
relevance 
Two partIcIpants dId not hke the 
lack of addad funclIonallty, such 
as the use of hyperhnks or the 
option to print, save and e-maIl 
the metadata surrogate 
Nme partlclpants menlloned that none of the systems under evaluallon used hlghllghllng to mdlcate the 
presence of query terms In the metadata surrogate 
Two partiCipants mentIoned that a 
standard Imk colour (for example, 
blue) should be used to md,cate 
better the presence of hypertext In 
the case of the "go to matenal" lmk. 
Nme partlclpants argued that they 
dId not like the absence of clear 
structure and lack of md,Callon 
about what type of mformallon each 
group of rnetadata represented 
SIX parllclpants dISliked the 
posltlonmg of some metadata 
elements W1thm the Imed up 
sectIOns of the surrogate 
Seven partICIpants were unhappy about the lack of hlghhghtmg of 
key metadat. elements, hke the TItle 
Three partlClpants In the study dId not like the absence of 
mformatlOn bout the qualIty of the resource 
Nme partICIpants dId not like 
the use of an orange 
background 
Four partlclpants dISliked the 
use of blue colour for non-
hypertext 
All partlclpants m the study 
dISliked havmg to scroll down 
a long list of metadat. 
elements 
Four partICipants did not like 
the order With which metadata 
elements and categones were 
presented In the surrogate 
Eleven partICIpants m the 
intervIew mdlcated that they dId 
not like the use of a blue 
background 
Two partlclpants dId not like 
scrollmg down the contents of the 
metadata surrogate 
Four partICipants did not hke the 
fact that the educallonaI rnetadata 
elements were not posItIoned near 
the top of the surrogate, as well as 
the order of metadata elements 
wlthm the semantics metadata 
categury. 
Two partlClpants did not hke Two partIcipants mentIoned that a 
the small font SIZe of the tItle larger font SIZe should be used 
element. 
186 
Chapter 5 - Analysis of Study A 
5.6. Summary of the analysis of study A 
The results of the study revealed that participants were significantly more satisfied and 
performed the tasks faster and more accurately using the MERLOT system rather than 
JORUM or ARIADNE. These findings were also confirmed by the results of the 
interviews. The analysis of the data collected from the interviews revealed several factors 
affecting the perception of participants about the presentation of learning object metadata 
surrogates in the search result interface. These were: metadata element content, use of 
added functionality, amount of information, use of graphics, highlighting of query terms, 
indication of the quality of the learning object, the colour of the interface of the metadata 
surrogate, the structure of the metadata surrogate, the positioning of key metadata 
elements in the surrogate as well as the font type and size of metadata elements. In 
particular, participants' responses showed that they liked the use of clear and easy to 
understand metadata elements (such as, the TItle, Description, Classification, Status, 
AudIence and Date), the use of added functionality (such as the opportunity to manipulate 
the contents of the metadata surrogate and download the learning object), the inclusion of 
metadata information in a single window (without a need for scrolling down), the 
highlighting of query terms and key metadata elements, the presence of peer reviews and 
ratings about the quality of a learning object, the use of background colour that contrasts 
well with the color of the text, the grouping or clustering of metadata elements into 
labeled categories, the positioning of key metadata elements at the top of the surrogate 
(for example, the content, educational and technical metadata elements should not follow 
other types of elements such as meta-metadata, rights and relation), and finally the use of 
clear font size and type (for example, larger than 12pt). Finally, a summary of 
participants' likes and dislikes was presented in Tables 5.10 and 5.11 respectively. 
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Chapter 6 - Methodology of study B: the impact of metadata 
surrogate structure, amount of information and highlighting of 
query terms on users' performance and satisfaction. 
6.1. Aim and objectives 
The aim of this study was to investigate the impact of structure, highlighting of query 
terms and the amount of information of the metadata surrogate on users' performance and 
satisfaction. The selection of these independent variables was based on the results of the 
interviews in Study A. The analysis of the data collected from the interviews revealed 
that the structure, highlighting and amount of information appeared to be important 
components of the participants' interaction with learning object metadata surrogates. 
Although the results revealed additional factors affecting users' interaction, such as the 
indication of the quality of the learning object or the positioning of metadata elements in 
the surrogate, the variables selected in this study appeared to be more critical factors of 
user performance and satisfaction when judging relevance. Some of the reasons that 
influenced the selection of the specific variables were: 
• The majority of participants perceived the structure (n= 19), amount of 
information (n=19) and highlighting of query terms (n=9) as an aspect of a 
learning object metadata surrogate that they particularly liked or disliked during 
their interaction with the three systems (ARIADNE, MERLOT and JORUM). 
However, these aspects could not be empirically tested using the systems of 
Study A. 
• There was a consensus among participants about the way metadata surrogates 
should be presented to them in terms of font size and type, positioning-ordering 
of metadata elements, the use of graphics and added functionality as well as the 
sorting of metadata surrogates in search result overviews. However, there was no 
agreement among participants about the structure and the amount of information 
in the surrogate. For example, there was no clear indication as to whether 
188 
Chapter 6 Methodology of Study B 
metadata elements in a surrogate should be displayed in a clustered format (for 
example, only metadata elements related to a specific metadata category should 
be displayed in the screen) or arranged linearly and divided in semantically 
similar groups of elements through the use of group headings. In addition, some 
participants preferred the display of metadata elements which were relevant to a 
user's query, while another group of participants preferred metadata surrogates 
that were rich in metadata information about the leaming object. 
Highlighting of query terms: 
Almost half of the participants in Study A, that investigated the usability of the three 
LORs, disliked the fact that query terms were not highlighted within the context of the 
metadata surrogate. Since none of the interfaces used in this study employed highlighting 
of query terms it is worth investigating further whether the addition of this component in 
the case of structured leaming object metadata surrogates could improve user 
performance and satisfaction during the relevance judgment process. Previous studies in 
the context of web search engines revealed that participants performed better and were 
more satisfied with search result interfaces that included highlighting of query terms 
rather than with their non highlighted counterparts (Drori, 2000; 2003). This happened 
because participants in Drori's studies needed less time and spent less attentional and 
cognitive effort to identify parts of the surrogate that were relevant to their queries during 
the relevance judgment process. There are no studies, however, investigating the effects 
of highlighting in structured IR systems, like in the case of LORs. For example, in the 
case of web search engines highlighting was used in the case of the title and the abstract 
displayed in the search result interface, while in the case of structured IR systems, such as 
LORs, highlighting should be applied to all metadata elements that include terms or 
phrases that are relevant to a user's query. Psychologists and cognitive scientists have 
investigated for a long time the effects of different forms of presentation of various types 
of stimuli on human visual search behaviour and attention and they have agreed that the 
stimuli that stand out from the background (for example, due to different shape, text 
colour or background colour) are perceived immediately by humans without spending too 
much visual and attentional effort (Sternberg, 2003). 
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Structure of the metadata surrogate: 
Categorisation or grouping is an important function of the human mind and it is vital in 
the processing of information. There is a need, however, to identifY what type of 
organization or categorization of information in the metadata surrogate could improve 
user interaction during the relevance judgment process. For example, in Study A 
participants interacted with interfaces that displayed aII metadata information in random 
but lined up sections (MERLOn or hierarchical semantic groups (ARIADNE and 
JORUM). Although the results revealed that participants liked the grouping of metadata 
elements into semanticaIIy relevant sections (like in the case of ARIADNE), many of 
these participants proposed alternative ways of structuring and presenting metadata 
surrogates, such as the use of clusters or tables of rnetadata elements. A specific 
characteristic of these tables or clusters would be the presentation of one group of 
metadata elements in a single screen. In this case the user could select which group of 
metadata elements should be displayed in the screen. Some benefits of this type of design 
could be: 
• The focus of attention on a set of specific metadata elements as opposed to the 
whole information contained in the surrogate. This could minimize the risk of 
ignoring metadata information that is useful for relevance judgment. For example, 
some participants in Study A agreed that they did not read the fuII details of 
metadata surrogates especiaIIy in the case of JORUM. 
• The decrease of the need for users to scroII down long lists of metadata elements. 
The presentation of metadata elements into clusters has been also suggested by 
participants in the evaluation of the Search LT system (SearchLT evaluation report, 2002) 
and by Wang (1997) as a part of the document selection model, but it has not been 
empiricaIIy tested. 
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Amount of information in the surrogate: 
In the case of the amount of information included in the surrogate, participants in the 
usability evaluation of the three LORs (Study A) liked the fact that the metadata 
surrogates in the MERLOT system contained a fair amount of metadata elements (i.e less 
information than the ARIADNE and JORUM, but not too little information like in the 
case of web search engines). However, eight participants in the mterviews suggested that 
metadata surrogates should include only metadata elements that are relevant to a specific 
query. This would minimize the amount of information in the surrogate, decrease the time 
needed by users to scan the surrogate and increase the relevance of the information 
contained in metadata surrogates to users' tasks at hand (in the context of this study a 
known-item search task). In the case of known-item tasks the user evaluates the relevance 
of surrogates against a set of pre-deterrnined criteria given by the researcher as opposed 
to real and ill defined information needs that are more complex in terms of relevance 
judgment38• 
These three factors or variables (highlighting, structure and amount of information) were 
embedded in the design of eight metadata overview and preview interfaces for a 
prototype learning object metadata catalog, called META-LOR 2. In addition to these 
variables, the research design involved the investigation of the effects of task complexity 
on user performance and satisfaction with learning object metadata surrogates during the 
relevance judgment process. 
Effects of task complexity: 
Although research focused on the usability of search interfaces has found significant 
effects of task complexity on users' performance during query formulation (Chan et aI., 
1997; Topi et aI., 2005), there are no studies about the effects of task complexity on 
users' performance and satisfaction with metadata surrogates during the relevance 
judgment process. Component complexity (see Section 2.3.6.4) which is based on the 
number of different information cues that need to be processed by a user to complete the 
38 Real information needs were used In the case of Study D that employed a more naturalistic 
design (see Chapter 10 and 11). 
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task has direct implications in the evaluation of metadata surrogates. For example, tasks 
of high component complexity require users to process a larger number of metadata 
elements in order to find a relevant resource. It is reasonable to test the component 
complexity of tasks, because the interest of this study is in the judgment of relevance 
where complexity is usual. Therefore it is worth investigating further whether there were 
any effects of the level of task complexity on user performance and satisfaction during 
the relevance judgment process. 
Summarising, the objectives of the study were: 
• To investigate whether there is an impact of the presentation of the metadata 
surrogate on the time needed by students to judge relevance. This objective 
should lead to the approval or disproval of the following hypotheses: 
o HI. Participants need less time to judge the relevance of learning 
object metadata su"ogates when highlighting is applied 
o H2. Participants need less time to judge the relevance of learning 
object metadata su"ogates when a clustered structure is applied 
o H3. Participants need less time to judge the relevance of learning 
object metadata su"ogates when only metadata that are relevant to a 
user's query are displayed in the su"ogate. 
• To investigate whether there is an impact of the presentation of the metadata 
surrogate on the level of the accuracy of participants' relevance judgments. 
The hypotheses tested by this objective were: 
o H4. PartiCipants make more accurate relevance judgments when 
highlighting is applied. 
192 
Chapter 6 - Methodology of Study B 
o H5. Participants make more accurate relevance judgments when a 
clustered structure is applied 
o H6 Participants make more accurate relevance judgments when only 
metadata that are relevant to a user's query are displayed m the 
surrogate. 
It is worth mentioning that these hypothesis (H4 - H6) were only implicitly 
tested since the type of data collected (Le. frequency type of data) did not 
support th7 performance of statistical tests in order to identify significant 
differences between types of interfaces. 
• To investigate whether there is an impact of the presentation of metadata 
surrogate on students' subjective satisfaction. In this case, the following 
hypotheses were tested: 
o H7. Participants are more satisfied with learning object metadata 
surrogates when highlighting is applied. 
o H8. Participants are more satisfied with learnmg object metadata 
surrogates when a clustered structure IS applied. 
o H9. Participants are more satisfied when only metadata that are 
relevant to a user's query are displayed in the surrogate. 
• To investigate whether there is an impact of task complexity on users' 
interaction with different types of metadata surrogates. The following null 
hypothesis was tested: 
o H10. There was no effect of the level of task complexity on user 
interactIOn with metadata surrogates. 
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6.2. Research Design 
To address the objectives of this study a usability experiment was set up that investigated 
students' interaction with a prototype learning object metadata catalogue, called META-
LOR 2. The methodology of this study was focused on the metadata preview interface. 
The research design is similar to the one employed for the investigation of the usability of 
the three LORs in Study A (Chapter 4). The main data collection stages were the task 
testing, the post test questionnaire and the post-test interview or de-briefing session. The 
remainder of this section describes this research design in more detail. 
6.2.1. The Interfaces under evaluation 
For the needs of this study a prototype learning object metadata catalogue was set up 
using HTML, JavaScripts and XML technologies. The system stored and provided access 
to 160 learning object metadata surrogates coded in XML (see Figure 6.1). 
<?xml verslon="1 a"?> 
<?xml-stylesheet type="extlxsl" href="stylesheetll xsl"?> 
<metalor> 
<Iorecord> 
<general> 
<ldno>I<1idno> 
<litie>Dlgltal dlvlde<lt~le> 
<author>Unknown</author> 
<subJect>Dlgltal dlVlde</subJect> 
<description> This site offers practical Ideas on how middle and high students all over the 
wortd can overcome the digital diVide Issues while engaging In a dialogue type 
cumculum </descnpllOn> 
<date>2006-11'()8<1date> 
<language>En<nanguage> 
<nghts> 
<cost>No</cost> 
<copynght>lntematlonal Faculty CounCil University of Washlngton<lcopynght> 
</nghts> 
</general> 
<educallonal> 
<leamln!LreSourICe_type>Leclure<lieamln!Lresource_type> 
<lnteractlv~Ltype>Expos~lve<llnteractlvlty_type> 
<lnteracllvlty_level>Hlgh<linteractlvlty_level> 
<lntended_end_user_role>Leamer<flntended_end_user_role> 
<context>School</context> 
<typlcaLage_range>I3-16</typlcaLage_range> 
<dlfficulty>medlum<ldlfficulty> 
<typlcaUeamlng_lIme>Unknown<!typlcaUeamlng_tlme> 
<leducatlonal> 
<technical> 
<format>textlhtml</format> 
194 
Chapter 6 - Methodology of Study 8 
<Identifier xmlns xhnk="http IIwwww3org/1999/xllnk"xhnktype="slmple" 
xhnk href="http Ilwwwwashlngton edulwto/dlgllaV">View the full record</identfier> 
<slZe>Unknown</slZe> 
<technlcaUequlrements>Unknown<ltechnlcaUequlrments> 
<ltechnlcal> 
<llorecord> 
Figure 6.1. An example of a learning object metadata surrogate in xml. 
Each metadata surrogate included an identifier that provided access to the learning object 
itself. All learning objects were freely accessible through the WWW. The data structure 
of the META-LOR 2 system was based on 20 elements that were derived from the UK 
LOM Core (an application profile of the LOM standard). 
The prototype consisted of three main interfaces. The first was a simple search interface 
(see Figure 6.2). This provided a complete Itst of queries to users (for example, "Find a 
lecture about digital divide"). Since the focus of this study was on the investigation of 
user relevance judgment behaviour during the interaction with metadata surrogates in 
search result interfaces and not query formulation or the interaction between the two (Le. 
search and search result interaction), the queries were developed in advance. 
i!!!='H' ====::;:;; 
<;0- _. _ ",!,"b - QliQ . ., 
...... --- ... 
-;-.. TlIIllY_~;:._:::r._";'I"'''''''''I< 
META·LOR2 
_ ............. 
- .... - '--' WtW'''''-o .. ___ lo!l __ I.-"Pf41 ;s~ ,--t5.0-. 
Figure 6.2. The simple search Interface of the META-LOR 2 prototype 
The second interface was the search result overview that provided a list of the retrieved 
results. The retrieval of the results was based on the criterion of topicality or the exact 
match between the query terms in the drop down list of the search interface and the 
metadata of the XML records. Therefore all retrieved surrogates were relevant to the user 
195 
Chapter 6 Methodology of Study B 
only in terms of topical relatedness. To facilitate this exact match the Xpath functionality 
of the Xquery language was applied. Figure 6.3 presents the stepwise function of the 
Xpath. Firstly, all metadata surrogates that are characterised by the subject of 
"Information retrieval" are selected and then from each selected xml metadata surrogate 
the title, the author and the description were displayed in the search result overview 
interface. 
<xsl for-each select="metalorllorecord''> 
<p> 
<xsllftest=" [generaVsubject='Informatlon retnevalT'> 
<b><u><xsl value-of select="generaVtltle" /> </u></b><hr /> 
<xsl.value-ofselect="generaVdescnptlon" /> <br /> 
<xsl.value-ofselect="generaVauthor" /> <br /> 
</xsl if> 
Figure 6.3. An example of the use ofXpath for retrievmg relevant documents 
For each query, the search result overview interface displayed a set of 10 metadata 
surrogates. Although the ten metadata surrogates were relevant as far as concerns the 
subject, only one was related to the search task at hand. The retrieved metadata surrogates 
were displayed randomly in the search result overview. This decision was based on 
previous findings by Eisenberg and Barry (1988), Huang and Wang (2004) and Xu and 
Wang (2008) who investigated the impact of the presentation order of bibliographic 
records on users' relevance judgments in the context of IR experiments and user studies 
in relevance judgment research. Their findings suggested that metadata surrogates or 
bibliographic records should be presented randomly to users in order to eliminate bias 
from order effects. This was applied successfully in seminal studies in the field (such as 
the one contacted by Barry, 1994) as well as a pilot" study that preceded the present 
research (Balatsoukas et aI., 2007). 
The metadata surrogates displayed in the search result overview interface included only 
the title of the learning object, the name of the author of the learning object, a human 
generated abstract of the contents of the learning object and a link to the metadata 
surrogate preview (see Figure 6.4). 
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META-LOR2 
----
i 
Figure 6.4. The search result overview interface 
The third interface was the metadata surrogate preview which included a detailed 
description of a leaming object (20 metadata elements)_ The eight versions of the 
META-LOR 2 system represented four different interface types for presenting metadata 
surrogates in search result interfaces_ Each interface type appeared both in a highlighted 
and a non highlighted version (4 interface types x 2 highlighted fnon highlighted 
versions)_ The highlighted versions used yellow background colour to represent the terms 
or metadata semantics that matched the queries or tasks at hand. The four interface types 
corresponded to three different structures of metadata surrogate display and one interface 
that presented only a few metadata elements that were relevant to the query or tasks at 
hand. The three different types of structures appeared in the preview interface. These 
were: the Linear, Linear with categories and Clustered interfaces. The fourth type of 
interface displayed only a search result overview interface. In this case, the overview 
interface included only metadata elements that were relevant to the users query (Query 
metadata). In this type of surrogate only a subset of the total amount of metadata 
elements was presented to the user. The type of metadata elements included in the 
overview interface was not static but dynamically displayed metadata elements that 
correspondent to specific tasks. In all the other cases (Linear, Linear with categories and 
Clustered) the overview search result interface included a standard, static set of metadata 
elements, such as the title, author, abstract and a link to the preview interface. Figures 6.5 
- 6.12 present screenshots of the eight conditions used in the study. 
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The Lmear interface presented metadata elements in a list. The Linear with categories 
interface divided metadata elements into three categories: General. Educational. and 
Techmcal metadata. Finally, the Clustered interface made use of these three categories in 
order to display only the metadata elements that were included in the selected category 
(for example, General only, Educational only and Technical only). As opposed to the 
Linear and Linear with categories interfaces, the Clustered interface presented the 
metadata elements in a single screen, thus eliminating the need for scrolling down. The 
metadata elements in the Linear interface followed the sequence of presentation of the 
metadata elements in the Linear with categories and Clustered interface, but without any 
category labels accompanying these elements. 
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Table 6.1 provides a summary of the metadata elements and element categories used in 
the Linear, Lznear with categories and Clustered interface. Furthermore, the constant 
numbering within the three columns of Table 6.2 demonstrates the sequence with which 
metadata elements were presented in the Linear interface. 
I TItle 
2.Author 
Table 6.1. The metadata elements used m the MET A-LOR 2 prototype. 
General Educational Technical 
9. Learnmg Resource Type 
10.lnteractiVlty Type-
11. InteractiVlty Level 
17. Format 
18 Identifier 
19. Size 3 Subject 
4.Description 
5. Date 
12. Audience 20. Tecbrucal requIrements 
13. Context 
6 Language 14. TypIcal Age Range 
7. Cost 15. Dl1liculty 
8. Copyright 16. Typical Learnmg TIme 
The selection of the 20 metadata elements was based on three factors: 
1. These elements were defined as mandatory by the developing UK LOM CORE 
(the UK application profile of the LOM standard). 
2. These elements were proposed by the CanCore, the Canadian application profile 
of LOM, to be more appropriate for presentation in search result interfaces. The 
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CanCore is accompanied by detailed guidelines and it is the only application 
profile that refers to the type of metadata elements that should be presented in 
search result interfaces. 
3. 'One more element of LOM was used in the design of the metadata surrogates. 
This was the Difficulty element. This element was not proposed for mandatory use 
by the UK. LOM Core. In addition, it was not one of the elements which, 
according to the CAN Core guidelines, should be included in the search result 
interface. However, the decision to include the Difficulty element in this study 
was made in order to enhance the number of educational metadata elements of the 
surrogates, as well as because the particular element was identified as an 
important criterion for relevance judgment by previous studies (Small et aI., 1998; 
SearchL T evaluation report, 2002). 
All interfaces included the same font type and size (Times New Roman, 12 pt), colour of 
links (blue), font colour (black) and background colour (white). In addition, due to the 
controlled nature of this study, no added functionality was included in the search result 
overview and preview interfaces, such as the opportunity for users to print, save or email 
the results retrieved. Also the positioning of metadata elements did not change across the 
interfaces. Furthermore, no advertisements or links to non relevant resources were 
included. These decisions were made in the light of the findings of the usability 
evaluation of the three LORs (Study A). For example, the positioning of metadata 
elements in the prototype interfaces followed the suggestions of the participants in the 
first study who preferred the content and educational metadata elements to precede 
information about the technical characteristics of the resource. 
Finally, in order to improve participants' understanding of the metadata semantics, a 
definition of each metadata element was provided in a pop-up box. The definitions were 
derived from the LOM standard (IEEE LTSC, 2002). The pop-up boxes were made, 
visible only when the user hovered on a specific metadata element. This decision was 
made after the analysis of the findings of two pilot studies with 2 and 11 participants 
respectively. The pilot studies revealed that users found it difficult to understand some 
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metadata elements, such as the Interactivity type and InteractlVlty level elements of the 
metadata surrogate and performed very slow due to the effects of metadata terminology. 
Since this study was focused on the presentation of metadata surrogates, the use of the 
pop up boxes decreased the effects of terminology (i e. content) on user relevance 
judgment behaviour. The final version of the definitions contained in the pop-up boxes 
was based on feedback provided by participants in the pilot studies. 
6.2.2. Usability subjects profile and recruitment 
A total of 24 university students participated in the study. None of these participated in 
Study A. All participants were frequent users of Electronic Information Services (EIS) 
and the WWW. Participants were recruited by means of emails and announcements on 
University notice-boards. Before the experiment a background questionnaire was 
completed by candidate participants. The background questionnaire facilitated the final 
selection of the participants in the study based on their familiarisation with EIS and the 
web. The questionnaire was similar to the one used for the usability evaluation of the 
three LORs (Study A).39 Due to the exploratory nature of this study the selection of 
participants was limited to experienced web users only. It was anticipated that this group 
of participants was more motivated to perform the tasks than novice users and therefore, 
the data collected from their interaction could be more accurate (Rubin and Chisnell, 
2008). In addition, the homogeneity of this sample could increase the rigidity and validity 
of the statistical analysis (for example, by limiting the risk of Type I and Type II errors). 
Before the usability test participants were introduced to the concept of a metadata 
surrogate (see section 4.3.2.1). 
3. A sample of the questionnaire IS presented In AppendiX 0 However, Questions 5 and 6 were 
not included because they were applicable only In the case of Study A 
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6.2.3. Usability Test Design Method 
6.2.3.1. Collection development 
The building of the collection of the META-LOR 2 prototype was based on methods used 
in other experiments in mainstream IR research, such as TREC and INEX. In particular, a 
search for learning objects was performed in MERLOT for a set of 16 general topics. 
These were: Digital divide, Web accessibility, Information literacy, Database design, 
HTML design, Information retrieval, Essay writing, Research methods, SPSS, Case 
study, Microsoft office, Moodle, Power point, Metalib and Google. The top 10 leaming 
objects for each topic were identified and then an XML metadata record was created for 
each leaming object following the data structure ofMETA-LOR 2 (see Section 6.2.1). A 
total of 160 xml records were authored and saved in a searchable XML file. 
All topics reflected general themes, such as Essay writing or Research methods. It was 
anticipated that the selection of general topics could be more relevant to the participants 
of this study given their diverse subject backgrounds. 
6.2.3.2. Task List Analysis and relevance assessments 
The 16 general topics were further processed and transformed into more specific 
simulated tasks (Borlund, 2003) (see Appendix L for a list of tasks). For example, the 
general topic "Metalib" was defined as: 
"Find a tutorial of hIgh mteractlVlty about the use of 
Metalib. TIlls tutorial should be designed for Higher 
Education students and be available in an HTMLformat". 
The purpose of a simulated task was to create a simple search scenario for users of IR 
systems emphasizing various cognitive dimensions of the pre-defined task. In this case, 
the various cognitive dimensions corresponded to several relevance criteria that were 
made available to the user of the task (such as Format, Audience, Topic and Resource 
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type). Although each of the 16 general topics had a corresponding set of 10 relevant 
leaming object metadata surrogates, each s~ecific simulated task had only one relevant 
leaming object. In particular, the 10 metadata surrogates that corresponded to each 
general topic were evaluated by the researcher against the relevance criteria stated in the 
corresponding simulated task. For each surrogate a binary judgment (relevant - not 
relevant) was made. Where appropriate the contents of the simulated tasks were further 
refined in order to eliminate the risk of matching a single simulated task to more than one 
surrogate. 
Each simulated task corresponded to one of the eight versions of the META-LOR 2 
prototype system (see Section 6.2.1) and one of the two task types. The two task types 
differed in terms of complexity (Iow and high complexity). Normally, in the case of high 
complexity tasks, participants had to evaluate metadata surrogates against a larger 
number of relevance criteria. Table 6.2 presents two examples of low and high 
complexity tasks used in the context of this experiment. 
Table 6.2. Examples of tasks in the study 
Task 
Fmd a lecture on the use of power pomt. 
Find a lecture of high interactivity about the use 
of METALm for Higher EducatlOn students m 
HTML format. 
CompleXIty level 
Low complexity (Chunks to evaluate for 
relevance: lecture and power pomt) 
High complexity (Chunks to evaluate for 
relevance· lecture, hIgh mterachVlty, METAUB, 
HIgher Educahon, students and HTMLformat) 
The results of a pilot study (Balatsoukas et al., 2007) revealed that there was an effect of 
task complexity (Le. the number of chunks of a query that users had to match against the 
metadata information of a surrogate) on user performance and satisfaction during the 
relevance judgment process. In an earlier study Speier and Morris (2003) suggested that 
in situations of low task complexity, people usually have a limited amount of data to 
process and compare. Similarly, they argued that task complexity is proportional to the 
amount of information cues to be processed or number of actions to be performed. 
Therefore, the inclusion of both low and high complexity tasks in the research design 
could strengthen the generalisability of the results of the present study. 
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During the usability test, participants were asked to find the relevant learning object 
metadata surrogates for each of the 16 simulated tasks. For each task, participants had to 
evaluate a set of 10 metadata surrogates and then indicate the preferred one (Le. the 
surrogate that they perceived as relevant) by accessing the learning object itself. This was 
achieved by clicking on a link that was provided in the metadata surrogate. Since this 
study was focused on the effectiveness of metadata surrogates, participants did not have 
to evaluate the relevance of the learning object itself. Participants' selections were 
matched against the relevance assessments made by the author of this PhD thesis. 
Finally, it is worth mentioning that participants in the study did not formulate queries but 
they were presented with a list of pre-defined queries. These were included in a drop 
down menu which was presented in the search interface (see Figure 62). This decision 
was made for two main reasons: 
1. Query formulation was out of the scope of this study 
2. Pre-defined queries can eliminate variability in retrieval performance between the 
participants of this study, thus increasing the control over the experimental design. 
6.2.3.3. Test Design 
A within-subjects design was employed that required all participants to perform the same 
set of task across the eight interfaces. The sequence with which the interfaces and the 
tasks were presented to the subject was randomised for counterbalancing the effects of 
'learning transfer' . 
6.2.4. Data collection 
6.2.4.1. Type of data collected 
There were two main types of data to be collected. These were: 
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• Performance data: 
o Time needed for the completion of each task. 
o Accuracy of relevance judgments. 
• Preference data: 
o Rating of user satisfaction. 
6.2.4.2. Data collection 
A variety of data collection instruments were developed and used for the purpose of the 
research. These included the use of a 'screen recording software', and questionnaires 
(background and post-test questionnaires). 
Screen recordings 
Participants' behaviour was captured by the use of screen recording software (Camtasia 
I 
studio, v. 4). This facilitated the recording of data about the time needed by participants 
to judge relevance and the accuracy of participants relevance judgments. 
The Background Questionnaire 
This study used the same background questionnaire administered for Study A (Appendix 
C). Some of the main functions and the contents of the background questionnaire have 
been summarised in Section 4.3.4.2. 
The Post-Test Questionnaire 
After the completion of the low and high complexity task in each interface participants 
were asked to complete a short subjective satisfaction questionnaire (see Appendix M). 
This measured users' satisfaction against of set of measures, such as ease of use, 
stimulation, frustration and satisfaction with the presentation of metadata surrogates. 
Each variable was measured in a 7-point Likert scale (for example, dull vs stimulating, 
frustrating vs satisfying, difficult vs easy and did not like vs liked the presentation ofthe 
metadata surrogate). By the end of the experiment each participant had completed a total 
of eight questionnaires 
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The items in the questionnaire were divided into two main parts: 
• Part 1: 'Overal User Reactions to the system' (Shneiderman, 1998). This part of 
the questionnaire examined the overall opinions and feelings of the participants 
about the interface and was adopted from the first section of the QUlS 
(Shneiderman, 1998). In addition, a new item in this section was introduced that 
measured participants' satisfaction with the presentation of the metadata 
surrogate. 
• Part 2: 'Tasks'. The second part of the questionnaire investigated participants' 
perceived difficulty in completing the low and high complexity tasks. The 
questions included in this part of the questionnaire derived from Lewis (1991). 
The research instruments were piloted and then usability test took place during July -
August 2008, at the Research School of Infonnatics of Loughborough University. 
6.2.4.3. Data Analysis 
The statistical software SPSS was used to facilitate the purpose of the data analysis. In 
particular, a 'Two-way within subjects ANOVA test' was conducted for the analysis of 
the data for time. Both the Kolmogorov-Smimov and Shapiro-Wilk tests revealed that 
data was normally distributed, thus legitimating the use of parametric analysis. A set of 
Friedman and Wilcoxon non-parametric tests were also performed to examine significant 
differences for subjective satisfaction based on the Likert scores of the satisfaction 
questionnaire. 
Finally, several actions were taken in order to support the validity and reliability of this 
study. These included attempts to decrease between subject variability, the use of 
statistical tests, the performanc~ of two pilot tests and the objective and unbiased data 
collection and analysis. These have been described in more detail in Section 4.4. 
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6.3. Summary of methodology ofstudy B 
The aim of this research was to examine users' interaction with eight different 
presentation formats of learning object metadata surrogates in the search result interfaces 
of a prototype system, called META-LOR 2. The objectives of this research were: firstly, 
to investigate the time needed by students to judge relevance and the accuracy of their 
relevance judgments; secondly, to examine users' subjective satisfaction; and finally, to 
study the impact of task complexity on users' interaction with both interfaces. To 
facilitate the objectives of the study, 24 postgraduate students participated in a user study 
which employed an experimental research design based on a multi-method approach that 
involved observation of users' interactions and completion of subjective satisfaction 
questionnaires. Data collected included the time needed for users to identify relevant 
learning objects and the rating of users' subjective satisfaction. Both parametric and non-
parametric analysis was conducted to identify statistically significant differences between 
the interfaces in terms of time, user satisfaction and the impact of task complexity. 
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Chapter 7 - Analysis of Study B: experiment measuring the 
impact of metadata surrogate structure, amount of 
information and highlighting of query terms on users' 
performance and satisfaction 
7.1. Background questionnaire 
A total of 24 postgraduate students from Loughborough University participated in the 
study. Eighteen participants were taught postgraduate students and the remaining six 
were PhD students. Eight students were studying Electronic and Electrical engineering, 
four students were from the Dept of Civil and Building Engineering, three students were 
from the Department of Information Science, two students were from the Department of 
Social Sciences and the remaining nine participants were studying in the Departments of 
Politics and Foreign relations, Mathematics, Chemistry, Design and Technology, 
Economics, Sports Sciences, Human Sciences, Chemical engineering and the Business 
School. The participants were very familiar users of the WWW (Likert score40 = 6.04). 
Also, they indicated that they used the WWW for more than ten hours per week. 
Participants used the WWW for a variety of reasons, such as, reading textual information, 
communicating with peers, listening to music, Viewing images / photos and watching 
videos. They used it, however, less frequently for online learning and for the application 
of specialised software (Table 1, Appendix N). They were also frequent users of various 
EIS such as the library OPAC, the library portal (Metalib), scholar databases, search 
engines and subject guides (Table 2, Appendix N). 
7.2. Analysis of time data 
Two tests, a Kolmogorov-Smimov and a Shapiro-Wilk, were conducted in order to 
examine the distribution of time data. The results of both tests revealed that time data was 
normally distributed well above the 0.05 threshold (p-value = 0.200, for the Kolmogorov-
40 Seven POint scale 
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Smirnov and p-value = 0.363, for the Shapiro-Wilk) (Table I, Appendix 0). The 
presence of a normal data distribution was also confirmed by the histogram (Figure I, 
Appendix 0) and the Normal Q-Q plot for time data (Figure 2, Appendix 0). Thus, these 
findings supported the use of parametric tests in order to investigate whether there were 
significant differences between the interfaces. The parametric test employed in this study 
was a two-way within subjects ANOVA. The selection of the particular test was based on 
the collection of repeated measures across two factors. The first factor was the interface 
type (eight levels: linear non highlighted, clustered non highlighted, linear with 
categories non highlighted, query metadata non highlighted, linear highlighted, clustered 
highlighted, linear with categories highlighted and query metadata highlighted) and the 
second, the tasks performed within each interface type (two tasks of low and high level of 
complexity). The Mauchly's test of Sphericity did not confirm the equality of variances 
for the interface type and task factors as well as for the interaction between these two 
factors (Table I, Appendix P), thus the results of the corrected 'Huynh-Feldt' test are 
reported here. 
7.2.1. Impact of interface design on the time needed by participants to judge 
relevance 
As it is shown in Table 7.1, participants needed more time to complete the tasks using the 
Linear non highlighted interface (mean time = 290 secs) but they performed the tasks 
more efficiently in the case of the Query metadata highlighted interface (mean time = 
70.5 secs). 
Table 7.1. Differences in Time between the interfaces 
Interface type Mean StcLError 
Linear hIghlighted 1635 5 
Linear non highlighted 290 13.3 
Clustered highlighted 139 52 
Clustered non highlighted 257 10 
Linear with categories highlighted 161 35 
Linear with categones non highlighted 227 96 
Query metadat. highlighted 705 2.1 
Query metadat. non highlighted 935 26 
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A two-way within subjects ANOVA test was conducted to investigate whether there were 
significant differences in the mean time needed to judge the relevance of learning object 
metadata surrogates. The results revealed that the effect of interface type on time was 
significant at the 0.01 level: F(7, 161) = 122.976, P < 0.0005, partial 1]2 = 0.842. Figure 
7.1 presents a graphical representation of the time needed by participants to complete the 
tasks across the eight interfaces. 
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Figure 7.1. Differences in Time between interfaces 
In particular, the Bonferroni pairwise comparison test'revealed that the interfaces' that 
presented only metadata relevant to the query (Query metadata highlighted and Query 
metadata non highlighted) differed significantly from the other six interfaces at the 0.01 
level (p<0.0005). In the case of the Query metadata highlighted interface, however, 
participants performed the task significantly faster (mean time = 70.5 secs) than the 
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Query metadata non highlighted interface (mean time = 93.5 secs). This difference was 
significant at the 0.01 level (p<0.0005). Furthermore, the four interfaces with query terms 
highlighted in the metadata surrogate were more time efficient when compared to the 
interfaces without highlighting. This difference was significant at the 0.01 level 
(p<0.0005). It is worth mentioning that non significant differences were observed 
between the Linear highlighted, Clustered highlighted and Lmear with categories 
highlighted interfaces as well as between the non highlighted Linear, Clustered and 
Linear with categories interfaces. In both cases (highlighted and non highlighted), 
however, participants performed the tasks faster using the Clustered and Linear wIth 
categories interface rather than the Lmear with no categories interface. 
7.2.2. Impact oftask complexity on users' interaction 
In order to investigate whether there was an impact of task complexity on users' 
performance it was necessary to examine first whether there were true differences 
between the two tasks. The identification of differences between the two tasks suggests 
that the division of tasks in the two categories of low and high complexity is valid. The 
average mean time revealed that participants needed less time to complete low 
complexity task, but they spent more time in the case of the high complexity task (low 
complexity = 168.5 seconds and high complexity task = 184.3 seconds). The results of 
the two-way within subjects ANOVA revealed that this difference in mean time between 
the two tasks was significant at the 0.01 level: F (I, 23) = 59.587, P < 0.0005, partial 112= 
0.722. Therefore, it is suggested that there were differences between the two tasks that 
validate their categorization as low and high complexity. 
Table 7.2 summarizes the mean time needed for users to perform the two tasks across the 
eight interfaces. Participants performed the low complexity task faster using the Query 
metadata highlighted interface (mean time = 66 secs) and slower using the Linear non 
highlighted interface (mean time = 277). The second most time efficient interface for the 
low complexity task was the Query metadata non highlighted interface (mean time = 86 
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secs). The highlighted interfaces perfonned better than the non highlighted interfaces in 
the low complexity task. The findings were similar in the case of the high complexity 
task. In the case of this task the Query metadata highlighted interface was the most time 
efficient interface (mean time = 75 seconds) followed by the Query metadata non 
highlighted interface (mean time = 101 seconds). The Linear non highlighted interface 
was the least time efficient (mean time = 303 seconds), while in the case of the 
highlighted interfaces participants perfonned better than the non highlighted ones (see 
also Table 7.2). 
Table 7.2. Difference in time across the two tasks 
Interface type 
Lmear_HlghlIghted 
Linear_Non_Hlghllghted 
Clustered_Highlighted 
Clustered_Non_Hlghllghted 
Linear_Wrth_Labels_HlghlIghted 
Lmear_Wrth_Labels_Non_Hlghllghted 
Query-Metadata_Hlghllghted 
Query Metadata Non Highlighted 
High 
Complexity 
174 
303 
145 
266 
172 
239 
75 
101 
Low 
Complexity 
153 
277 
133 
248 
150 
215 
66 
86 
Two one-way within subjects ANOVA tests were perfonned. The first was focused on 
the identification of differences between the interfaces for Task I (low complexity task), 
while the latter was focused on Task 2 (high complexity task). The Mauchly's test of 
spheriscity did not confinn the equality of variances, thus the results of the corrected 
'Huynh-Feldt' test are reported here (see Tables 2 and 3, Appendix P). The ANOVA test 
revealed that there were significant differences between the eight interfaces for both Low 
and High complexity tasks (see Tables 4 and 5, Appendix P). In the case of the low 
complexity task, participants needed siginificantiy less time to judge relevance using the 
two Query Metadata interfaces (both the highlighted and non highlighted) rather than the 
six interfaces that included a larger amount of metadata elements in displayed in different 
structures (for example, Linear, Clustered and Linear with categories) (p<0.0005). In 
addition, the highlighted interfaces (where the query tenns were highlighted in' yellow) 
were more time efficient than their non highlighted counterparts (p<0.0005). However, 
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non significant differences were observed between tbe Clustered and Lmear interfaces 
(Linear and Linear with categories) for botb levels of task complexity. 
Finally, tbe data analysis showed no impact of tbe interaction between level of task 
complexity and interface type on tbe time needed by participants to judge tbe relevance 
of learning object metadata surrogates (for example, tbe interface types tbat were more or 
less time efficient were the same for both types of tasks). 
7.2.3. Impact of interface design on the accuracy of relevance judgments. 
The analysis of the data about the accuracy of participants' relevance judgments showed 
tbat non highlighted interfaces were less effective for relevance judgment tban tbe 
highlighted interfaces. All participants made accurate relevance judgments in the case of 
tbe highlighted interfaces. In tbe case of the non highlighted interfaces, however, seven 
participants did not identifY tbe correct learning object in tbe Linear interface, six 
participants in tbe Linear With categories interface and tbree participants in the Clustered 
and Query metadata interfaces respectively. In addition, relevance judgments were less 
accurate in tbe case of tbe high complexity tban tbe low complexity tasks. It is interesting 
the fact tbat the Clustered non highlighted interface was as accurate as tbe Query 
metadata non highlighted interface. The latter, however, was significantly more time 
efficient than the former (see Section 7.2.2). Table 7.3 presents a summary of tbe 
accuracy oftbe relevance judgments across the non highlighted interfaces. 
Table 7.3. Number of incorrect relevance judgments (non highlighted interfaces) 
Int,rf •• , type High .0mpl,x1ty Low .omplexlty Total 
(non highlighted) tasks tasks (nIl4)* 
Linear 5 2 7 
Linear with .ategories 4 2 6 
Clustered 2 I 3 
Query metadata 2 1 3 
• The Total represents the total number of mcorrect relevance Judgments across the 24 
participants in the study. 
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Due to the frequency type of data collected for measuring the accuracy of relevance 
judgments, no statistical tests were performed in order to examine statistically significant 
differences between the interface types and task complexity. It becomes clear, however, 
that participants performed more accurate relevance judgments using the highlighted 
rather than the non highlighted interfaces. In the case of non highlighted interfaces the 
Clustered and Query metadata interfaces helped participants to make less incorrect 
relevance judgments than the Linear and Linear with categories interfaces. 
7.3. Analysis of subjective satisfaction questionnaire 
Table 7.4 presents a summary of user satisfaction with the eight interfaces. As it is shown 
in this Table, participants were less frustrated, more stimulated and more satisfied with 
the presentation of the Query metadata highlighted interface. They perceived, however, 
the Clustered highlighted interface as more easy to use. 
Table 7.4. Subjective satisfaction ratings across interfaces (7-pomt scale) 
laterfa .. type Frustratialll vs Dull vs Difficult vs Easy Did not like vs 
Satisfylnc Stimulatinlll Liked the 
presentation 
Linear highlighted 4.33 3.67 5 383 
Linear non highlighted 296 238 342 267 
Clustered highlighted 375 3.92 5.79 4.33 
Clustered non 367 358 417 413 
highlighted 
Linear With labels 367 329 379 342 
highlighted 
Linear with labels non 308 288 4.33 296 
highlighted 
Query metadata only 5.54 4.88 4.88 5.29 
highlighted 
Query metadata non 454 463 504 513 
highlighted 
A set of Friedman tests were performed to examine the impact of interface design on 
learners' subjective satisfaction. The selection of a non-parametric test was based on the 
ordinal type data collected using the subjective satisfaction questionnaire. The findings 
revealed statistically significant differences for all satisfaction measures at the 0.01 level 
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(Satisfaction: X2 (7, N=24) = 98.585, p<0.0005; Stimulation: X2 (7, N=24) = 96.966, 
p<0.0005; Ease of use: X2 (7, N=24) = 108.527, p<0.0005; Satisfaction with the 
presentation ofmetadata surrogates: X2 (7,N=24) = 95.996, p<0.0005). 
In addition, a set of Wilcoxon tests were performed in order to examine whether there 
were any differences between pairs of variables. These were: highlighted versus non 
highlighted interfaces, Clustered versus Lmear interfaces (Linear and Linear wIth 
categories), and finally, Query metadata interfaces versus Clustered, Linear and Lmear 
with categories interfaces. Although the Friedman tests showed that there were 
significant differences between the eight interfaces, the Wilcoxon tests can examine 
where (i.e. between which interfaces) these differences occurred. This is also important 
for testing the hypotheses introduced in Chapter 6. 
The Wilcoxon tests showeo that there was a significant difference between highlighted 
and non-highlighted interfaces in terms of satisfaction (z = 4.314, N-ties = 24, p<0.0005), 
stimulation (z = 3.779, N-ties = 24, p<0.0005), ease of use (z = 4.230, N-ties = 24, P 
<0.0005), and satisfaction with the presentation of the surrogate (z = 3.075, N-ties = 24, P 
<0.001). 
In addition, the Clustered interface significantly differed from the Linear and Linear wIth 
categories interfaces in terms of stimulation (z = 3.555, N-ties = 24, p<0.005, and, z = 
3.247, N-ties = 24, P <0.0005), ease of use (z = 3.571, N-ties = 24, P <0.0005, and z = 
3.699, N-ties = 24, P <0.0005) and satisfaction with the presentation of the surrogate (z = 
3.901, N-ties = 24, P <0.0005, and z = 4.071, N-ties = 24, P <0 0005). In the case of the 
frustrating versus satisfying measure, however, the Clustered interface differed 
significantly only from the Linear wIth categories interface: z = 3.176, N-ties = 24, P 
<0.0005. 
Also the Wilcoxon tests showed that the interfaces that presented metadata related to a 
user's query differed significantly from the other types of interfaces in terms of: 
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• satisfaction (Query metadata vs Linear: z = 4.339, N-ties = 24, P <0.0005, Query 
metadata vs Clustered: z = 3.981, N-ties = 24, P <0.0005; Query metadata vs 
Linear with categories: z = 4.304, N-ties = 24, P <0.0005), 
• stimulation (Query metadata vs Linear: z = 4.215, N-ties = 24, P <0.0005; Query 
metadata vs Clustered: z = 3.466, N-ties = 24, p<0.0005; Query metadata vs 
Linear with categories: z = 4.229, N-ties=24, p <0.0005), and 
• satisfaction with the presentation of metadata surrogates (Query metadata vs 
Linear: z = 4.152, N-ties, p <0.0005; Query metadata vs Clustered: z = 2.990, N-
ties, p < 0.0005; and Query metadata vs Linear with categories: z = 4.211, N-ties, 
p <0.0005). 
However, in the case of the Difficult vs Ease of use measure significant differences were 
observed between the Query metadata and the Linear and Linear with categories 
interfaces (z = 3.982, N-ties, p <0.0005, and z = 3.899, N-ties = 24, P <0.0005). Although 
the Query metadata scored lower than the Clustered interface for this satisfaction 
measure no significant differences were observed. 
The subjective satisfaction questionnaire also measured participants' perceived difficulty 
of completing the two tasks (Iow and high complexity tasks) using the eight interfaces. 
The results are summarized in Figure 7.2. In particular, this figure shows that participants 
found it easier to complete both types of tasks using the highlighted interfaces rather than 
the non-highlighted ones. The results of the Wilcoxon tests showed that this difference 
was significant for both tasks at the 0.0005 level (Low complexity task: z = 4.191, N-
Ties, p <0.0005, and High complexity task: z = 4.218, N-Ties, p<0.0005). 
Furthermore significant differences, at the 0.01 level, were observed between the 
Clustered interface and the Linear and Linear with categories interfaces for both the low 
and high complexity tasks (Clustered vs Linear in Low complexity tasks: z = 3.600, N-
ties = 24, p<0.0005, Clustered vs Linear wIth categories in Low complexity tasks: z = 
2.045, N-ties = 24, P = 0.0205, Clustered vs Linear in High complexity tasks: z = 2.838, 
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N-ties = 24, p = 0.0025, Clustered vs Linear wIth categories in High complexity tasks: z 
= 2.688, N-ties = 24, P = 0.0035). 
Also, participants found it significantly easier to complete the low and high complexity 
tasks using the Query metadata interfaces rather than the interfaces that included more 
metadata elements (Linear, Clustered and Linear wIth categories). The differences 
between interfaces were observed at the 0.0005 level (Query metadata vs Linear for low 
complexity task: z = 4.222, N-ties = 24, P <0.0005, Query metadata vs Clusteres for low 
complexity task: z = 4.063, N-ties = 24, p <0.0005; Query metadata vs Linear with 
categories: z =4.029, N-ties = 24, p <0.0005, Query metadata vs Linear for High 
complexity task: z 4.324, N-ties = 24, P <0.0005, Query metadata vs Clustered for High 
complexity task: z = 4.051, N-ties = 24, P <0.0005, Query metadata vs Linear with 
categories for High complexity task: z = 4.111, N-ties = 24, p <0.0005). 
Finally, although differences between interfaces were observed within the two levels of 
task complexity, no significant differences were observed between the two types of tasks. 
This means that there was no impact of the interaction between task complexity and 
interface type on user satisfaction. 
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Figure 7.2. Differences in perceived difficultY'(7-point scale) 
7.4. Hypothesis testing 
7.4.1. High lighting of query terms in the metadata surrogate 
• Low complexity task 
• High complex,y task 
Following the results of the prevIOus section, hypotheses (HI) and (H?) have been 
proved. The results of the time and satisfaction data showed that participants performed 
significantly better (i .e. needed less time to judge relevance) and were more satisfied with 
the use of the high lighted interfaces rather than the non-highlighted ones. Due to the lack 
of statistical testing about the accuracy of participants' relevance judgments, hypothesis 
(H4) cannot be proved. However, there was a clear indication that the high lighted 
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interfaces were less error prone (i.e. participants made more correct relevance judgments) 
than the non-highlighted interfaces. 
7.4.2. The structure oC metadata surrogates 
The analysis of time data lead to the conclusion that hypothesis (H2) should be disproved. 
In this case the time needed by participants to judge relevance did not differ significantly 
between the Clustered interface and the Linear interfaces (Linear and Linear with 
categories). Although hypothesis (HS) was not statistically tested due to lack of ratio or 
ordinal type of data, there is a clear indication that participants made less incorrect 
relevance judgments in the case of the Clustered non-highlighted interface rather than the 
Linear and Linear with categories non-highlighted interfaces. However, no differences 
were observed between these types of interfaces when highlighting had been used. The 
hypothesis (HS), however, can be accepted since the results of the subjective satisfaction 
questionnaire showed that participants were significantly more satisfied and found easier 
to complete both the low and high complexity tasks using the Clustered interfaces rather 
than the Linear and Linear with categories interfaces. 
7.4.3. The amount oC inCormation in metadata surrogates 
The statistical analysis showed that participants needed significantly less time to judge 
the relevance of learning object metadata surrogates using the Query metadata interfaces 
rather 'than the other types of interfaces. Therefore, hypothesis (H3) was proved. 
Although no statistical tests were con?ucted in the case of the analysis of the accuracy of 
participants' relevance judgments, the findings indicate that the Query metadata 
interfaces did not perform better than metadata interfaces that included a large amount of 
metadata elements, like the Clustered interface, and thus the hypothesis (H6) cannot be 
accepted. Finally, hypothesis (H9) was proved because the results showed that 
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participants were significantly more satisfied with the Query metadata interfaces which 
they also found easier for completing both the low and high complexity tasks. 
7.4.4. The impact of the level of task complexity 
Although participants needed significantly more time and made less correct relevance 
judgments using the high complexity task, the data analysis did not provide evidence that 
there was an effect of the interaction between the level of task complexity and interface 
type on user performance and satisfaction. Therefore the null hypothesis (HIO) was 
proved. 
7.5. Summary of analysis of study B 
A total of 24 postgraduate students participated in the study. All participants were 
familiar users of the web. The analysis of the data showed that participants needed less 
time to complete their relevance judgments, made more accurate relevance judgments 
and were more satisfied with the interfaces that contained only metadata elements that 
were relevant to the queries or tasks at hand and highlighted the query terms in the 
surrogate. The clustered structure of the metadata surrogate performed better than the 
linear and linear with categories structures in terms of the level of accuracy of relevance 
judgment process and user satisfaction with the use of metadata surrogates. Although the 
study examined user behaviour in the context of both high and low complexity tasks the 
analysis showed no effect of the interaction between level of task complexity and 
interface type on user interaction with metadata surrogates, thus suggesting that user 
interaction with different types of metadata surrogates is independent from the level of 
task complexity. 
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Chapter 8 - Methodology for Study C: a survey on the 
perceptions of students about the usefulness of learning object 
metadata elements for relevance judgment 
Both study A (Chapters 4-5) and Study B (Chapters 6-7) provided useful information 
about the impact of different presentation factors of learning object metadata surrogates 
on students' performance, satisfaction and preferences during the relevance judgment 
process. These two studies also provided some information about users' perceptions of 
the usefulness of certain learning object metadata for relevance judgment. For example, 
in the case of Study A participants liked the use of the TItle. Audience. Date added, Date 
modified, Material type. Author affiliation and Language metadata elements of the 
metadata surrogates of MERLOT. In addition, they found the ClassificatIon. Status and 
Revision metadata elements of JORUM useful. In the case of JORUM, however, 
participants disliked many metadata elements, such as Life-cycle. Catalog entry. 
Contribution to record, Format of record, Locations in lzbrary. Classified by. DRM 
(Digital Rights Management), V-card and Permission id. Furthermore, participants found 
the meaning of some metadata element categories, such as Indexation and Semantics, 
difficult to understand in the learning object metadata surrogates of ARIADNE. The 
results of Study B showed that participants performed the tasks faster and were 
significantly more satisfied with metadata surrogates that displayed only metadata 
elements that were relevant to a query or tasks at hand. These findings, however, did not 
provide enough data about the usefulness or importance of certain learning object 
metadata elements for relevance judgment. This limitation can be attributed to the 
controlled nature of Studies A and B (for example, use of pre-determined tasks, the focus 
on the surrogate as opposed to the learning object itself and the focus on topical 
relevance) as well as the lack of data collection techniques specifically for the elicitation 
of data about the usefulness of the contents of a leaming object metadata surrogate (for 
example, in the case of Study A the subjective satisfaction questionnaire was focused on 
the presentation factors and the follow up interviews did not include specific questions on 
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the content of metadata surrogates). In order to address these limitations, two more 
studies were contacted. The purpose of both studies was to extend the data collected from 
Studies A and B about the usefulness of the content of learning object metadata 
surrogates. The first study (Study C) investigated the usefulness of certain learning object 
metadata elements of UK LOM Core for relevance judgment through an online 
questionnaire survey, while the second study (Study D) exammed the criteria users 
employed to judge the relevance of learning objects and learning object metadata 
surrogates. The data collection methods used by both studies (i.e. questionnaire survey of 
metadata element importance for relevance judgment and user study for the identification 
of the relevance criteria used by university students when judging relevance) have been 
extensively used in the past by researchers on user-centred relevance behaviour research 
(see for example, Tang and Solomon, 2001; Choi and Rasmussen, 2002; Small et aI., 
1998; Marcus et aI., 1978)41. These researchers improved the design of the content of 
other types of metadata surrogates through the development of metadata application 
profiles and the provision of recommendations about the level of usefulness of metadata 
elements for relevance judgment. This Chapter documents the methodology of Study C 
(survey of students perceptions about the importance of certain learning object metadata 
elements). The analysis of the data of this study are reported in Chapter 9. Finally, 
Chapters 10 and 11 present the methodology and analysis of data of Study D 
(identification of the criteria used by students for relevance judgment). 
8.1. Aim and objectives 
The purpose of this study was to investigate students' perceptions about the usefulness of 
learning object metadata elements of the UK LOM Core application profile when judging 
the relevance oflearning objects. In particular, the objectives of this study were: 
• To identifY the learning object metadata elements of UK LOM Core perceived by 
university students as being important when judging the relevance of learning 
objects. 
41 These studIes were dIscussed in Chapter 2. 
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• To examine the effects, if any, of educational level (undergraduates versus 
postgraduates), subject knowledge (Science & Engineering versus Humanities & 
Social sciences), and use of the web (expert versus novice users) on respondents' 
perceptions of the importance oflearning object metadata elements. 
8.2. Online questionnaire survey 
The method of an online questionnaire survey was selected as the most appropriate for 
the needs of this study. Some of the advantages of this method over other methods of 
questionnaire survey (such as mail questionnaire, personally administrated questionnaire 
and telephone questionnaire) include the low costs involved in the creation and 
administration of the questionnaires, quick data collection process, ability to reach a 
geographically distributed population, protection of respondents' anonymity, 
minimisation of interviewers' bias, and no need for the interviewer to be present when the 
interviewee completes the questionnaire (Fraser and Lawley, 2000). 
In addition, questionnaire survey was considered as more appropriate than other data 
collection methods, such as focus groups and interviews. S~me of the reasons related to 
this decision, are: 
• It supported the needs of this study for statistical analysis. 
• It facilitated the collection of at least ordinal-type data. This type of data was 
needed for the performance of tests of statistical significance. 
• It was more practical in terms of time and cost, while it provided the opportunity 
for the researcher to collect data in due time from a geographically dispersed 
sample. 
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8.2.1. Questionnaire structure and type of questions 
The questionnaire consisted of two sections (see Appendix Q): 
• Section A - This section collected demographic data about the respondents' level 
of study (undergraduate or postgraduate level), subject area (Science and 
Engineering or Humanities and Social Sciences) and familiarisation with 
electronic information and leaming resources and the WWW. 
• Section B - This section lists the questions that investigated respondents' 
perception about the importaoce of each UK LOM Core element. 
The first section of the questionnaire includes four closed questions about the 
respondents' level of study, subject area of study and frequency of use of the WWW. 
These constitute the independent variables that were employed for statistical testing. 
Section B lists a total of 23 items and a Likert scale (7 -point scale, where 1 =not at all 
importaot and 7=very importaot) was used as the response format for each item. Likert 
scores have been successfully employed by many other researchers in the past to measure 
users' perceived usefulness or importance of relevance criteria and metadata elements for 
relevance judgment (see for example, Small et aI., 1998; Tang and Solomon, 2001; Choi 
and Rasmussen, 2002; Plodzien et ai, 2006). Similarly, the selection of a 7-point Likert 
scale was built on previous experience gained by researchers in the field (Choi and 
Rasmussen, 2002). It was thought that a larger rating scale would confuse respondents 
and reduce the reliability rate of the response (Nunnally, 1978). 
The selection of the 23 metadata elements was based on three factors: 
1. These elements were defined as mandatory by the developing UK LOM Core. 
2. Most of the elements were proposed by the Can Core, the Canadian application 
profile of LOM, to be more appropriate for presentation in search result 
interfaces. The CanCore is accompanied by detailed guidelines and it is the only 
application profile that refers to the type of metadata elements that should be 
presented in search result interfaces. 
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3. In addition to the elements proposed by CanCore and UK LOM Core few more 
elements were included in the questionnaire. These were: the Difficulty element 
(it's qualification for inclusion in the survey was based on the same reasons 
discussed in Section 6.2.1, p. 202), the Relation metadata element which is 
common both in LOM and DC but It is not perceived to be a mandatory element 
in the UK LOM Core or CanCore, the Comments element that represents the 
Annotation category of LOM, as well as the Installation and Structure elements 
that characterize the re-usability and technical characteristics of a learning object. 
The use of these elements is not mandatory according to the UK LOM Core 
(Campbell, 2004b). 
Following the results of a pilot study, some items (Le. metadata elements) in the second 
section of the questionnaire were accompanied with examples or short definitions of their 
scope. Most of the definitions derived from the UK LOM Core (UK Learning Object 
Metadata Core: working draft, version 0.3_12042, 2004) and were modified in order to 
meet students' needs. This action minimised the risk of presenting respondents with 
ambiguous metadata terms. 
Finally, the selection of metadata elements from UK LOM Core was based on the fact 
that the particular schema provides a richer coverage of metadata elements for leaming 
objects than any other educational metadata standard or schema (such as ARIADNE or 
DC-Education). 
8.2.2. Sample 
8.2.2.1. Population 
The population of this study consisted of Loughborough University students. The study 
examined the perceptions of undergraduate and postgraduate students as well as students 
from the Sciences - Engineering and Humanities - Social sciences. 
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Loughborough University is an internationally acclaimed and research intensive UK 
university. The university consists of 24 academic departments and several research 
centres and institutes focused on a wide range of subject areas. These are organised 
within the three faculties of Sciences, Engineering and Humanities & Social sciences. 
During the academic year 2006-2007 the university numbered 17,601 registered students. 
From these 10,886 were undergraduates (10,505 full time and 381 part-time) and 3,802 
were postgraduates (2,121 full time and 1 ,681 part-time) (Loughborough University 
annual report 2007, 2008). 
8.2.2.2. Sampling technique 
Given the large size of the population there is a need for sampling techniques that can 
balance the requirements of this study. For example, the selected sample should be 
inclusive enough so that it does not exclude representatives from the two educational 
levels (undergraduates - postgraduates) and subject areas (Science - Engineering and 
Humanities - Social sciences). For the needs of this study a cluster sampling technique 
was implemented. 
Cluster sampling technique 
Cluster sampling is particularly useful in cases where a sample frame for the whole 
population is not available, accessible, or, it is time consuming and costly to be created. 
In such cases the researcher can randomly select a number of clusters to investigate. All 
units within the selected clusters will constitute the sample for the study. 
In the context of this research, cluster analysis has been selected as there is no sample 
frame for the whole population of Loughborough University available to the researcher. 
Based on this technique, two lists of all the academic departments within the university 
were compiled. Each department represented a cluster. The first list included all the 
departments from Science and Engineering faculties (14 departments), while the second 
listed all departments within the Faculty of Humanities and Social Sciences (10 
departments). Seven departments were randomly selected from the first list and five 
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departments from the second list. Therefore, a 50% of the total number of departments in 
each cluster was selected. All the students within each of the 12 departments formed the 
sample units of this research. The 12 departments selected for this study were: 
Science and Engineering. 
1. Electronic and electrical engineering 
2. Chemical Engineering 
3. Human Sciences 
4. Information Sciences 
5. Chemistry 
6. School of Mathematics 
7. Aeronautical and Automotive engineering 
Humanities and Social Sciences: 
8. Design and Technology 
9. English & Drama 
10. Geography 
11. Politics, International relations and European studies 
12. Social Sciences 
8.2.3: Questionnaire distribution 
An online version of the questionnaire was circulated via e-mail to the selected sample. In 
particular, the online version of the questionnaire was sent to the departmental teaching 
co-ordinators. All teaching co-ordinators were informed about the objectives of the study 
and they were asked to circulate the online version of the questionnaire to the students 
(both postgraduates and undergraduates) of the department. In the cover letter of the 
questionnaire, respondents were prompted to complete and submit the questionnaire 
within a period of20 days. All teaching co-ordinators were approached on the first half of 
May 2007 and a reminder was sent to them IS days after. The University'S "Facts and 
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Figure 2007" showed that the size of the selected sample was estimated to be 
approximately 6.800 students (Loughborough University annual report 2007, 2008). This 
includes all undergraduate and postgraduate students of the 12 selected departments of 
Loughborough University. Finally, a total of 287 students participated in the study. 
However, 252 responses qualified for inclusion in the analysis. This corresponds to a 
response rate of approximately 3.8%. Thirty-five questionnaires were excluded from the 
analysis because they were not completed by participants (this questionnaires did not 
include any values for analysis). Although actions were taken to increase the response 
rate of the questionnaire (such as a second call for participation and contact with 
members of staff within each department in order to encourage student participation in 
the study) this remained relatively low. From a more pragmatic perspective a response 
rate of approximately 5% is common in questionnaire surveys and many researchers 
report their findings on this basis (Smith, 2009). However, this response rate can 
challenge the reliability of the results. In the context of this study further actions were 
taken in order to improve the reliability of the findings. These involved the use of a 
cluster sampling technique (which facilitated the representation in the study of students 
from different departments and levels of study), the statistical testing of the questionnaire 
scales both for internal reliability (test - re-test) and validity, as well as the conduct of a 
pilot study that ensured that the content of the questionnaire was easy to understand. 
8.2.4. Analysis of data 
The data collected were analysed using SPSS software. The task of data analysis involved 
the calculation of descriptive statistics, Friedman Tests of significance and a set of Mann 
Whitney tests. The selection of non-parametric tests was based on the collection of 
ordinal type of data (7-point semantic referential scale). The Friedman and Mann-
Whitney tests are the non parametric equivalents of the one-way within ANOVA and 
independent t-test respectively. 
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8.2.5. Pilot study 
The online version of the questionnaire was piloted as a means for improving both its 
contents and layout and increase its reliability. Some of the objectives of this pilot study 
were: 
• To evaluate the user-centeredness of the metadata terminology and the 
definitions used in the second section of the questionnaire. 
• To test the reliability of the rating scale (for example, a sample of participants in 
the pilot study completed the questionnaire twice). 
• To estimate the time needed for completing the questionnaire. 
• To assess the layout and presentation of the questionnaire. 
• To validate the suitability of the data collected for addressing the objectives of 
this study. 
As this study did not employ real stimuli, for example, users did not interact with real 
learning object metadata surrogates and learning objects, relevance was defined broadly 
as the usefulness of a particular metadata element for helping students judge the 
relevance of a learning object. This definition of relevance was included in the cover 
letter of the online questionnaire (see Appendix Q). A total of fifteen postgraduate and 
undergraduate students from both Science - Engineering (n=9) and Humanities - Social 
sciences (n=6) were selected to participate in the pilot study. Convenience sampling 
technique was used for recruiting participants. Based on respondents' input and 
comments further adjustments and improvements towards the final version of the 
questionnaire were made. These included: 
• the addition of definitions and examples in the case of some metadata elements 
that participants found difficult to understand (such as interactivity and structure); 
• the use of a larger font size in order to improve the readability of text (for 
example, from 12ptto 14pt Arial); 
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• the merging of some similar metadata elements into a single item in order to 
minimise the size of the questionnaire. For example, this happened in the case of 
the Context, Intended End User Role and Typical Age Range metadata elements 
which were represented by a single compound metadata element. This was the 
Audience element. A description followed that explained to the questionnaire 
respondents that the Audience element represented information about the intended 
users of the learning object, the environment where learning takes place and the 
age of the learner. Another merging ofmetadata elements took place in the case of 
the Structure and Aggregation level metadata elements. These were grouped into 
a single item, called Structure, that examined the composite and object-oriented 
nature of a learning object. Finally, the Interactivity level and Interactzvity type 
metadata elements were represented by the Interactivity element that measured 
the usefulness of various types and levels of inter activity with a learning object. 
Participants also liked the web based version of the questionnaire, in particular, the 
interactivity that this provided. Also, the pilot study showed that the data collected 
matched the aim of this study. Finally, the participants of this pilot study were asked to 
complete the same questionnaire again 15 days later. The correlation of the scores for 
each item of the questionnaire was calculated between the two sessions in order to test the 
questionnaire's reliability (see next chapter). ' 
8.3. Reliability and validity 
, 
The following actions were taken in order to support the validity and reliability of this 
study: 
• A pilot test was applied to validate the appropriateness of the data collection 
instrument (see section 8.2.5). 
• A calculation of the Cronbach alpha for testing the reliability of scales of the 
questionnaire was performed (see the next Chapter). 
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• The construct validity of the scales in the questionnaire was tested (see the next 
Chapter). 
• Non-parametric tests for ordinal type of data were selected for statistical analysis. 
8.4. Summary 
The purpose of this study was to investigate students' perceptions about the usefulness of 
leaming object metadata elements of the UK LOM Core application profile when judging 
the relevance of learning objects. To address this objective an online questionnaire survey 
was conducted. In particular, the questionnaire measured students' perceived importance 
of 23 learning object metadata elements. Importance was measured on a 7-point Likert 
scale. Participants were selected from the student population of the Loughborough 
University, UK, following a clustered sampling technique. Both descriptive statistics and 
non parametric tests were conducted to address the objectives of this study using SPSS 
software. 
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Chapter 9 - Analysis of study C: a survey on the perceptions 
of students about the usefulness of learning object metadata 
elements for relevance judgment 
9.1. Reliability and validity of the questionnaire 
Many researchers suggest the use of already existing scales and questionnaires rather than 
producing original ones. The decision to use already tested questionnaires has a positive 
impact on the reliability and validity of the research instrument (Brace et aI, 2006; Fife-
Schaw, 2000). No previous questionnaires have been developed to investigate users' 
perceived usefulness of learning object metadata elements. For example, Choi and 
Rasmussen (2002) developed a questionnaire instrument to investigate perceived 
usefulness of relevance criteria and metadata elements for digital image IR systems. 
Although this questionnaire employed a 7 -point Likert scale to measure subjective 
usefulness of each variable, the content of the questionnaire was focused on relevance 
criteria and metadata for digital images and not for learning objects. 
Two tests were performed to investigate the reliability and construct validity of the . 
questionnaire developed for the purpose of this study (see Section 5.4). In particular, 
Construct validity involved the correlation between individual scales and the total mean 
of the questionnaire. The findings of the correlation tests revealed that all questionnaire 
items were significantly correlated with the overall mean score of the questionnaire at 
the 0.01 level revealing a good level of construct validity (Table 1, Appendix R). The 
Cronbach's Alpha value for reliability was calculated after the data collection. 
Cronbach's Alpha for the reliability of the questionnaire from the current sample was 
0.849 well above the 0.70 threshold. 
Except for the two measures of construct validity and internal reliability, the items of the 
questionnaire were also tested for content or face validity. This type of validity examined 
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whether a particular instrument covers the main content components or constructs of 
inquiry. For example, in the case of the specific questionnaire content validity involved 
whether the questionnaire included the main leaming object metadata elements. This 
examination was facilitated through the literature review (such as the contents of the 
LOM standard) and a review of the contents of the questionnaire by two experts in the 
field of learning object metadata and information systems evaluation. 
9.2. Participants' Profile 
A total of 207 participants in the study were undergraduate students (first, second, third 
and final year students). However, only 45 postgraduate students (taught and research 
postgraduates) provided input to this questionnaire. Table 9.1 presents the frequencies 
and percentages of undergraduate and postgraduate participants. 
Table 9.1. Participants' level of study 
Level of Study Frequency % 
FIrst year 82 325 
Second year 59 234 
TIurd year 53 21 
Forth year 13 52 
Sub-total for Undergraduates 207 821 
Taught Postgraduates 12 48 
Research Postgraduates 33 13.1 
Sub-total for postgraduates 45 17.9 
Total 252 100 
Responses were obtained from seven out of 12 departments selected for participation in 
the study. In particular, the departments that respondent to this call for participation were: 
• Chemistry (n=30, 11.9%) 
• Design and Technology (n=10, 4%) 
• English and Drama (n=18, 7.1%) 
• Geography (n=59, 23.4%) 
• Information Science (n=24, 9.5%) 
• Politics (n=49, 19.4%) 
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• Human Sciences (n=62, 24,6%) 
In total, 119 participants (47,2%) were from a 'Science & Engineering' department, while 
133 respondents (52,8%) were students of a 'Humanities & Social Sciences' department. 
As it is shown in Table 9.2, participants in the study were very familiar with the use of 
WWW search engines, the library OPAC, the Learn (institutional e-learning system), e-
journals, e-reading lists and the MetaLlb portal. However, they were less familiar with the 
use of e-book collections and the institutional repository. 
Table 9 2. Level offamiIiarity with electronic information services (7-point scale) 
Inrormation services Likert •• ore 
WWW search engInes 6.84 
Learn server 6.27 
OPAC 606 
E-Journals 5.17 
E-reading hsts 490 
MetaLib 497 
E-books 3.49 
lnstttutional ReposItory 2.15 
Finally, the majority of the respondents in the survey were frequent users of the WWW 
which was used for more than five hours per week (n=185, 73.4%). However, a total of 
67 participants used the WWW less than four hours per week (26.6%) (these were 
characterised as non frequent users of the WWW). 
9.3. Descriptive statistics 
Table 9.3 summarises the Likert scores of each metadata element. The five most useful 
elements for judging the relevance of learning objects were: Costs (6.08), Summary -
Description (5.67), Keywords (5.24), Title (5.02) and Language (4.89). Based on these 
results students valued more the content-related metadata as well as metadata about the 
language of a learning object. The cost of learning objects was the most important 
criterion for selecting a particular resource. The five least important metadata elements, 
however, were: the Size of the learning object (3.29), the Version of the learning object 
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(3.70), the Structure of a learning object (3.80), the Technical requirements for using the 
learning object (4.09) and finally, the Learning time (i.e. the time needed for a learner to 
interact with the learning object) (4.17). It appears that many of the metadata elements 
that underpin the creation and technical manifestation of a learning object (such as 
Version, Size, Technical requirements and Structure) were considered less useful for 
relevance judgment than the metadata elements about the content, authorship, and 
educational characteristics. In addition, the Learning time was the least useful educational 
r, 
metadata element (when compared to other elements of this category, such as 
Interactivity, Learning resource type, Audience and Difficulty). Finally, the Likert scores 
for most of the educational metadata elements ranged between 4.19 and 4.83 which 
represent a positive behaviour towards this type of elements. 
9.4. Differences between learning object metadata elements 
A Friedman test was conducted to investigate statistically significant differences between 
the metadata elements under examination. The Friedman test showed that the level of 
importance varied significantly across the 23 learning object metadata elements: X2 (22, 
N=252) = 1001.553, p<0.0005, two-tailed. In order to identify which metadata elements 
differed significantly a set of Wilcoxon tests were performed that compared several pairs 
of metadata elements. A close examination of the results showed that the three most 
important metadata elements (Costs, Summary - Description and Keywords- Subject 
terms) differed significantly from the remaining metadata elements either at the 0.01 or 
0.05 level (the results are displayed in Appendix R, Table 2). The educational metadata 
elements (Audience, Learning resource type and Difficulty), three general purpose 
metadata elements (Title, Interactivity and Coverage) as well as the Date and Tutor's 
comments elements differed significantly from the Structure, Relation and Copyright 
metadata elements as well as from the category of metadata that represented the technical 
characteristics of a leaming object. These differences were significant at the 0.05 level. 
Non significant differences were observed between the metadata elements that 
represented technical characteristics (Technical requirements, Installation, Format, 
Location) and the Learmng time, Structure, Copyright and Author metadata elements. 
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The interpretation of the findings from the Wilcoxon tests and the results shown in Table 
9.3 suggest that the availability (L,e. Cost) and the topicality (Le. Summary - Description 
and Keywords) of the learning object are the most important characteristics of a learning 
object for relevance judgment. However, it becomes evident that educational and content 
related metadata elements were significantly more important for relevance judgment than 
the metadata elements that describe the technical characteristics of learning object, the 
structure, the author and the copyright of a learning object as well as the relation of a 
learning object with other learning objects. 
9.4.1. Impact of the educational level on the usefulness of learning object metadata 
elements 
The results of the Mann-Whitney test revealed that there were statistically significant 
differences between undergraduates and postgraduates in the importance they attach to 
the usefulness of three learning object metadata elements. These were the Author, 
Technical requirements and the Learning time elements. In particular, postgraduate 
students tended to perceive the Author (U=3624.5, NI =207, N2=45, p=0.028, two tailed) 
and Technical requirements (U=3526.5, NI=207, N2=45, p=0.OI5, two tailed) elements 
as more important than undergraduates. Undergraduate students, however, found the 
Learning time (U=3594.5, NI =207, N2=45, p=0.022, two tailed) element to be more 
important. A summary of the findings of this test is presented in Appendix R, Table 3. 
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Table 9 3. The usefulness of learning object metadata elements 
Melad.1a elemeats Likert stores Meladata elemeats Likert Stores 
Costs 608 Fonnat 4.48 
Summary - Description 567 Tutor's comments 431 
Keywords - Subject tenns 524 Author 4.30 
Title 502 Installation 427 
Language 489 Copynght 423 
Learning resource type 483 Relation 4.19 
Date 4.82 Learning time 4.17 
InteractiVlty 481 Technical requIrements 4.09 
Audience 477 Structure 380 
Difficulty 477 Version 370 
Coverage 4.70 Size 329 
Location (Identifier) 4.49 
9.4.2. Impact of subject discipline on the usefulness of learning object metadata 
elements 
The results of the Mann-Whitney test revealed that there were no significant differences 
between students studying a Science and Engineering subject and students studying a 
Humanitites and Social Sciences subject in the importance they attach to the usefulness of 
most learning object metadata elements. This was not the case for two metadata elements 
where statistically significant differences were observed at the 0.05 level. These were: the 
Requirements element (U=6779.500, NI= 119, N2=133, p=0.046, two tailed), and the 
Installation (U=6565.000, NI=119, N2=133, p=0.018, two tailed). In particular, students 
from the Sciences and Engineering perceived these two elements as more important for 
judging the relevance of a learning object when compared to students from the 
Humanities and Social sciences. The non significant p-values for the rest of the elements 
are presented in Appendix R, Table 4. 
9.4.3. Impact of frequency of use of the WWW on the usefulness of learning object 
metadata elements 
The results of the Mann-Whitney test revealed that there were no significant differences 
between the two levels of use of the WWW (frequent versus non frequent users) in the 
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importance they attach to the usefulness of most learning object metadata elements. 
Significant differences at the 0.05 level were observed only in the case of the Summary -
Description element (U= 5093.500, Nl=67, N2=185, p=0.024, two tailed) which frequent 
users of the Web found it more important for judging relevance than the less frequent 
users of the Web. The p-values for the rest of the elements are presented in Appendix R, 
Table 5. 
9.5. Summary ofthe analysis of study C 
A total of 252 students participated in the study. They represented different disciplines 
(for example, from Humanities & Social Sciences to Sciences & Engineering), levels of 
familiarization with the web and educational level. The results showed that the five most 
important learning object metadata elements were: the Cost, Summary - Description, 
Keywords - Subject terms, Title and Language. The five least useful elements, however, 
were: the SIze, Technical requirements, Version, Structure and finally the Learning tIme 
of a learning object. The Likert score for most of the educational metadata elements was 
ranging between 4.19 and 4.83 (7-point Likert scale). The results also showed that 
significant effects of subject discipline, educational level and frequency of use of the 
WWW on the importance of some learning object metadata elements were observed only 
in the case of few rnetadata elements. For example, participants who were frequent users 
of the WWW tended to perceive the Summary element more useful for relevance 
judgment than participants' who were not frequent users of the WWW. Similarly, 
students from the Sciences & Engineering perceived two technical metadata elements 
(Technical requirements and Installation) to be more important than students from the 
Humanities & Social Sciences. Finally, postgraduate students tended to perceive the 
Author and Technical requirements elements as more important than undergraduate 
students. Undergraduates, however, found the Learning time of a learning object to be 
more useful than postgraduate students. 
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Chapter 10 - Methodology of study D: Investigation of the 
criteria and metadata elements used by students when judging 
relevance. 
10.1. Aim and Objectives 
The purpose of this study was the identification of the criteria and metadata elements 
university students employ to judge the relevance of learning objects. In particular, the 
objectives of this study were: 
• To investigate the criteria, categories of criteria and metadata elements used by 
students when judging the relevance, firstly, of a learning object metadata 
surrogate, and secondly, the contents of the learning object itself. 
• To examine whether the criteria used by students to judge relevance are covered, 
firstly, by the contents of the learning object metadata surrogates of MERLOT, 
and secondly, by the contents of the UK LOM Core application profile. 
10.2. Definitions and terminology 
Relevance: This study adopted a situational and dynamic approach to relevance. In this 
manner, 'relevance' is defined as the connection between a student's task at hand and the 
learning object or the learning object metadata surrogate under evaluation at a certain 
point in time. The issue of time is important since the criteria users apply to judge 
relevance may change as they progress from the examination of the metadata surrogate to 
the learning object itself or as they progressively evaluate the metadata surrogates 
retrieved in the search result interface. 
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Relevance criterion: This study adopted Borlund's (2003) and Schamber et aI's (1990) 
broad definition of a 'relevance criterion', who defined it as the parameters or values by 
which users determine the relevance of the retrieved object at a certain point in time. 
10.3. Research Design 
The research design developed to address the objectives of this study was informed by 
the recent methodological considerations raised in the field of user-centred relevance 
judgment. These are: 
• A cognitive approach towards understanding users' relevance evaluation 
behaviour (Barry and Schamber, 1998; Schamber et aI, 1990; Ingwersen and 
Jarvelin, 2005). 
• Recruitment of motivated users. Barry and Schamber (1998) argued that users are 
motivated when they try to address their own "information problem situation" as 
opposed to a pre-determined set of tasks. These users make relevance judgments 
based on a wide range of factors or criteria that are not limited to topicality 
(Crystal and Greenberg, 2006; Rieh, 200 I; Tang and Solomon, 200 I). 
• Balance between naturalistic and laboratory settings. Researchers have attempted 
to create a research environment that maintains a balance between naturalistic and 
laboratory settings (Crystal and Greenberg, 2006). Although studies in the field 
are subject to controlled factors, such as the output of users' search (for example, 
the researcher helps users in query formulation and has a control over the result 
set) or the users' context (for example, during the session users are not disturbed 
by other factors, such as, colleagues, peers and telephone calls and they do not 
perform in parallel other actions), researchers also have tried to mimic a more 
natural environment, for example, by asking users to search for information 
relevant to their own information needs (Le. motivated users). 
• The dynamic nature of relevance: Researchers have investigated users' relevance 
evaluation behaviour at both the metadata surrogate and document level (Crystal 
and Greenberg, 2006; Tang and Solomon, 200 I; Rieh, 200 I). This dual 
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investigation of relevance had significant implications in the theory of user-
centred relevance judgment by providing an operational and dynamic 
classification of relevance criteria, for example as predictive and evaluative (Rieh, 
2001), that challenged the traditional category-based approach to relevance 
criteria classification (Barry, 1994). 
• The collection of both con-cu"ent and retrospective data is important for the 
investigation of users' relevance judgment behaviour. Data is collected through a 
triangulation of data collection techniques, such as, highlighting of terms and 
phrases, think aloud protocols and interviews. 
• Content analysis is the dominant technique used to analyse the data collected 
(Crystal and Greenberg, 2006; Rieh, 2001; 8arry and Schamber, 1998). 
A graphical presentation of the research design employed for meeting the objectives of 
this study is presented in Figure 10.1. 
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Figure 10.1. The research design for relevance evaluatIOn behaviour. 
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10.3.1. Participants recruitment - Sample size 
Because this research intended to investigate the relevance criteria employed by students 
in UK HE, the sample derived from this area. A total of I I Loughborough University 
students participated in the study. 
For the recruitment process a variety of publicity media were involved such as, e-mails 
and announcements in University notice-boards. 
Traditionally, research in the field of users' relevance behaviour in the academic 
environment has targeted small samples of participants for in depth qualitative study (see 
Table 10.1). There are two methodological factors that legitimate the small size of 
participants in studies investigating user relevance criteria: 
I. In previous studies, the redundancy of the criteria mentioned by users in the 
studies was achieved with 10 or fewer participants in the sample (Barry and 
Schamber, 1998). 
2. The research design provides the researchers with the opportunity to study in 
depth participants, usually through a triangulation of data collection techniques. 
Table 10.1. Examples of sample sizes in academic setting 
Studies 
Barry,1994; 1998 
Rieh,2001 
Taug and Solomon, 
2001 
Sample size descriptioD 
18 students and academics (from History, 
Literature, Geography, Anthropology ad EnglIsh) 
16 scholars and PhD students (from Computer 
Science, Chemistry, Sociology, LmgUlstics, 
Computer engineenng, Orgarusational psychology, 
informatIon sCIence) 
9 PhD students m psychology 
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10.3.2. Background questionnaire 
The main function of the background questionnaire was: 
I. To present a synopsis at a group and individual level of the participants' 
familiarization with personal computers and the WWW. 
2. To document students' information needs. 
The questionnaire was divided in three parts (see Appendix S). The first part (questions I 
- 6) consisted of six questions that elicited information concerning the respondents' 
familiarisation and experience with a variety of issues concerning the WWW and the use 
of electronic information services. 
The second part of the questionnaire asked participants to provide a description of their 
information need (question 7-12). The questions included in this section of the 
questionnaire were derived from Spink (2002) and Spink and Dee (2007). 
Finally, the third part included questions about factual information such as the 
respondents' personal data, such as the level and subject of study (questions I3 and 14). 
A variety of factual information and self-perception questions have been used for 
structuring the body of the questionnaire. As far as concerns the format of the questions, 
'structured' questions have been employed for the formation of the contents of the 
questionnaire. Structured questions may refer to the selection of one or more neutral fixed 
categories and questions based on Likert-type scales (Fife-Schaw, 2000). An exemption 
only applies in the case of question 10 which was open-ended. 
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10.3.3. Evaluation Session 
Each subject perfonned a search using the MERLOT online system. MERLOT is a 
typical catalogue of learning object metadata surrogates that provides access to a variety 
of learning objects, such as: simulations, animations, tutorials, drill and practice, quiz and 
tests, lecture presentations, case studies, collections and reference materials. These can be 
submitted, accessed and shared among teachers and students. The material submitted is 
catalogued and evaluated following a peer review process based on three criteria: quality 
of content, potential effectiveness, ease of use. While other e-Iearning systems that 
provide access to learning objects and learning resources exist, such as the ARIADNE 
knowledge pool system or JORUM, the first is still at a development and experimentation 
phase and the latter is only available for UK Higher Education teachers. Other criteria 
employed for the selection of the MERLOT system for the needs of this study were: 
• The broad subject coverage; 
• The provision of adequate support for students to navigate and search the website 
(e.g. Help system); 
• The use of learning object metadata; 
• The provision of direct access to the described learning objects; 
• The participants' perfonnance in Study A. The results of this study revealed that 
participants perfonned the tasks faster and were more satisfied with the MERLOT 
interface rather than JORUM and ARlADNE knowledge pool. 
Each search conducted in the MERLOT system reflected real infonnaiton needs and the 
final query was fonnulated with the assistance of the researcher. The intervention of the 
researcher in the query fonnulation was important for minimising the risk for the user to 
retrieve only non-relevant or no results (Crystal and Greenberg, 2006; Barry, 1994; 
1998). For this purpose an infonnation interview was held before the search session as a 
means for specifying and clarifying users' needs (see Part B of the Background 
questionnaire, Appendix S). 
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Participants were instructed to evaluate the first 10 metadata surrogates of the search 
result interface (this decision was also made in the study conducted by Crystal and 
Greenberg, 2006). Participants' evaluations followed a two-phase process. Participants 
were first asked to evaluate the metadata surrogate (both preview and overview) 
displayed at the top of the search result interface ofMERLOT, and then to proceed to the 
evaluation of the corresponding learning object. After the evaluation of the learning 
object participants returned to the search result interface and continued with the 
evaluation of the remaining metadata surrogates following the same process (i e. from the 
metadata surrogate to the learning object itself). 
10.3.4. Data collection techniques 
Schamber et al (1990), in a seminal paper, advocated the use of open-ended interviews to 
investigate the criteria users' employ to judge the relevance of documents and document 
representation (Le metadata surrogates). Since then, the highlighting or marking ofterms 
and phrases that help users judge the relevance in the stimuli material (Le. documents and 
document representations) and the think aloud protocol have been identified as alternative 
or complementary techniques to open-ended interviews. A combination of data collection 
techniques has been used for the needs of this study. 
10.3.4.1. Highlighting of terms and phrases 
During the evaluation session, participants were asked to highlight using the mouse, any 
terms or phrases that helped them judge a metadata surrogate or learning object as 
relevant or non-relevant. Previous studies by Barry (1994; 1998) and Crystal and 
Greenberg (2006) confirmed the appropriateness of this technique for the collection of 
data that document users' decision making for relevance judgment. The content analysis 
of the terms and phrases marked or highlighted by subjects can reveal a wide range of 
relevance criteria employed for the evaluation of learning object metadata surrogates and 
learning objects. The collection of this kind of data involved the use of screen recording 
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software (Carntasia Studio vA). More details about the analysis of the data collected from 
highlighting are presented in Section 10.3.5. An example of the use of highlighting and 
think aloud protocol for data collection is presented in Appendix T. 
__ -=1-,-0.",3.4.2. Think aloud protocol _ 
A think aloud protocol was employed prompting participants to verbalise their thoughts 
or think aloud about the reasons why they highlighted each item (word or phrase) 
(Savolainen and Karri, 2006; Rieh, 200 I). The purpose of the think aloud protocol was to 
collect data about the process of relevance judgment and in particular the reasons why 
certain words or phrases from the metadata surrogates or the learning objects formed part 
of participants' relevance judgment behaviour. 
Having defined the purpose of the think aloud protocol, the next step was to decide which 
Level of think aloud protocol was more appropriate for the needs of this study. Ericsson 
and Simon (1993) identified three types of verbal protocols. A Level I verbal protocol or 
Talk Aloud protocol is based on the vocalisation of the contents in Short Term Memory 
(STM). This vocalisation is immediate, common in cases where the problem is inherently 
a verbal problem and requires no explication of thought content in order to be articulated. 
A Level 2 verbal protocol, or Think Aloud protocol, involves the vocalisation of the 
contents of the thought process. These are available in the STM but in a different format 
(such as visual or non declarative information) and require further processing and 
transformation. This processing, however, does not alter the participants' cognitive 
structures. Finally, Level 3 Think Aloud protocol is applied retrospectively and 
participants are prompted to provide explanations, descriptions and reasoning about the 
tasks performed at an earlier stage. Level 3 Think Aloud protocol is a widely criticized 
because it is prone to post-hoc rationalisation (Le. there is an impact on user behavior) 
and when it is applied concurrently it is responsible for changes in users' cognitive 
structures due to cognitive overload (Ericsson and Simon, 1993; Yang, 2003). In the 
context of this study a Level 2 Think Aloud protocol was applied because it is applied 
concurrently, thus eliminating the bias of post-hoc rationalisation or reconstruction 
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effects (Savolainen and Karri, 2006; Rieh, 2001; Small et aI., 1998; Ericsson and Simon, 
1993), it does not change participants' cognitive structures and finally, it explores the 
contents of thought. These contents are not always made available in the STM in a verbal 
form (like in the case of Level I) but may involve the articulation of both visually and 
semantically stored information from STM. 
Before the session, participants were instructed to think aloud while highlighting any 
terms or phrases of the metadata surrogates and the learning objects that helped them 
judge relevance. If participants remained silent then they would be reminded to keep 
thinking aloud (Van den Haak et aI, 2004). 
The use of audio-tape recordings facilitated the collection of users' verbalizations. The 
think aloud transcripts produced from the audio rec?rding were further analysed using 
content analysis. 
Both research implements ('highlighting of terms and phrases' and the think aloud 
protocol) facilitated the collection of concurrent data that documented users' cognitive 
process during relevance judgment (Rieh, 200 I; Tang and Solomon, 200 I). 
10.3.4.3. Semi-structured interviews 
The purpose of the interview (see Appendix U) was to elicit further qualitative data about 
users' judgments of the relevance of learning object metadata surrogates and learning 
objects using the MERLOT online system. There is no clear answer, however, as to 
whether an open-ended or structured interview technique would better meet the needs of 
this study. 
Rieh (200 I) suggested that structured interviews are more appropriate for laboratory 
studies. However, unstructured, open-ended interviews better suit the needs of naturalistic 
and ethnographic studies (Rieh, 200 I). Since this study maintains a balance between a 
laboratory and a naturalistic research design, any attempt to collect data using a 
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structured interview technique would be too restrictive. In addition, the cognitive 
approach of this study requires a less restrictive investigation of users' perceptions or 
relevance (Schamber et ai, 1990). 
Taking into account these limitations of structured interviews, researchers like, Barry and 
Schamber (1998);-explained some of tlie advantages of open-ended interviews for the 
study of relevance evaluation behaviour. These were: 
• The opportunity for the researchers to discuss any aspect of the user relevance 
judgment behaviour, for example, there are no limitations posed by closed 
questions like in the case of structured interviews. 
• The use of probing questions that can clarify users' responses. 
Disadvantages of open-ended interviews included the lack of a predefined structured plan 
that can lead to poor time management or bias. 
In order to minimise the negative effects of these interviewing techniques (Le. open 
ended and closed/structured), a semi-structured interview technique was applied. Some of 
the advantages of semi-structured interviews are: 
• Better management of the interviewing process through a combination of fixed 
(pre-determined) and newly developed or probing questions. The use of a core set 
of predetermined questions provides the opportunity for the research to manage 
the interviewing process. For example, by ensuring that responses to important 
fixed questions will be provided. However, if new issues arise during the 
interviewing process, which are critical for understanding the phenomenon under 
investigation, new questions or probing questions can be asked. 
• :Clarification of responses. Responses to complex questions (as as those related to 
the investigation of subjective constructs of human behaviour, like satisfaction 
and preferences) can be clarified through the use of probing questions (e.g. Why? 
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What did you mean by ... ? Would you explain in more detail your thoughts 
about ... ?) (Gorman, 2005; Wengraf, 2001). 
During the interview each participant responded to a set of three pre-defined questions 
with the first question being more open-ended and discursive than the other two. The 
questions included in the interview (see Appendix U) were applied by other researchers 
in the past, such as 8arry (1994), Tang and Solomon (2001), Rieh (2001) and Lan (2002, 
cited in Crystal and Greenberg, 2006). In particular, the purpose of Question 1 was to 
validate the data obtained from the highlighting of words or phrases and the think aloud 
protocol. However, this question was based on a retrospective articulation of the factors 
that affected participants' relevance judgments. Participants' watched a video of their 
screen behaviour and they were asked to recall the factors that helped them evaluate the 
relevance of the first three metadata surrogates and learning objects. Question 2 examined 
the importance of the learning object metadata elements presented in the surrogates 
(overview and preview) for relevance judgment. Finally, Question 3 asked participants to 
discuss whether improvements should be made to the contents of the metadata surrogates 
in MERLOT. Where appropriate probing questions were used in order to clarify 
participants' responses. 
10.3.4.4. Data analysis 
A content analytic approach was used for the analysis of the data collected. The data 
collected derived from the terms or phrases highlighted by participants, the think aloud 
protocol and finally the semi-structured interview. 
Each highlighted word or phrase was the unit of analysis and it was coded twice. Firstly, 
each word or phrase was coded according to its location, for example, whether the 
highlighted word or phrase was present in the learning object metadata surrogate 
(overview or preview) or the learning object. Secondly, each word and phrase was 
assigned to an individual criterion and a category of criteria. The categorisation of the 
highlighted items into individual criteria and categories of criteria was facilitated through 
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the analysis of the think aloud transcripts. The parts of the think aloud transcript that 
. 
referred to a specific highlighted word or phrase were identified and assigned a relevance 
criterion name as well as a relevance category label. For example, participant 1 
highlighted the date of publication of the learning object in the metadata surrogate. Based 
on the think aloud transcript the participant justified this action by saying that she 
____ prc:ferred _ to read _ recent _learning resources rather_ than old _ oneL In this case _ the ---- - - ----
highlighted date of publication and the participant's comment were assigned to the 
relevance criterion of Recency. The coding involved the use of a set of predefined 
categories of relevance criteria (see Table 2.3, Chapter 2) but new categories of relevance 
criteria and individual relevance criteria occurred as the content analysis of users' 
transcripts progressed. Thus the development of the final coding scheme shown in 
Appendix V was grounded on the literature review and the inductive process of data 
analysis (Savolainen and Kari, 2006; Rieh, 200 I). An example of the coding process is 
presented in Appendix T. 
The questions in the interview aimed to validate the results of the analysis of the think 
aloud protocol and the highlighting of words and phrases. For the transcription of the 
contents of the first question the coding scheme in Appendix V was used to categorise 
users' responses (the results are presented in Section 11.3.1). The analysis of the second 
question involved the calculation of the frequencies with which the metadata elements of 
the metadata surrogates in MERLOT were identified as useful for relevance judgment 
(the analysis of this question is presented in Section 11.3.2.). Finally, the analysis of the 
third question included the categorisation of user responses into semantically relevant 
categories (these are presented in Section 11.3.3). 
( 
10.4. Validity and reliability 
The following actions support the reliability and validity of this study: 
• The conduct of a thorough literature review on the theory and methodology of 
user-centred relevance judgment research (this was discussed in Section 2.3.4). 
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• The pilot testing of the research procedure employed by this study. The pilot test 
examined the ability of the research process in collecting the data needed to 
address the objectives of this study. Two participants (one undergraduate student 
from the Business School and one taught postgraduate student from the 
Department of Politic~ _of Loughborough university) were recruited. During the _ 
pilot test participants were introduced to the concept of a metadata surrogate and 
the objectives of this study. Then they were asked to articulate a real learning gap-
information need and search for relevant learning objects using the MERLOT 
system. The undergraduate student from the Business School searched for 
learning objects about "the use of Parametric correlation statistics", while the 
postgraduate student from the Department of Politics searched for learning objects 
about "how to write a MSc dissertation". Before the session, participants were 
asked to think aloud and mark phrases and terms that made them judge a learning 
object as relevant or not relevant. After the search session a short semi-structured 
interview was conducted with each participant. The pilot test took place in the 
Department of Information Science of Loughborough University and both 
sessions took approximately one hour. The pilot test validated the appropriateness 
of the relevance criteria presented in Table 2.3. as the initial coding scheme for 
the data collected from the search session (highlighting and Think Aloud 
protocol) and the interviews. In addition, the last question of the interview plan 
changed from "Is there any additional information you would like to be presented 
in the surrogate?" to "What improvements should be made to the content of the 
metadata surrogates?". This happened because during the pilot test it became 
evident that participants were motivated to discuss about potential improvements 
rather than propose new-additional metadata elements. 
• The use of a second content analysis technique for cross-validation purposes. 
Since the coding and categorisation of the data obtained from the think aloud 
protocol and the highlighting was performed by one researcher (i.e. the author of 
this thesis), a second follow up content analysis was conducted two months after 
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the analysis of the results reported in Chapter II by the same individual. The 
second content analysis was performed on the data obtained from four participants 
of the study and not the whole sample size of eleven participants. The purpose of 
this second content analysis was the validation of the categories identified during 
the first implementation of the content analysis. The agreement between the 
relevance criteria and categories of criteria of the fIrst and the second content __ 
-- --- -- --~- ---- - - -
analysis was 82% (Appendix W). This score is relatively high and represents a 
good level of validity of the results reported in the next Chapter. This cross-
validation technique was used by Tombros et al (2005). 
10.5. Summary of methodology for study D 
This section presented the methodology employed to investigate students' relevance 
judgment behaviour. The research design employed a multi-method approach to data 
collection that involved highlighting of terms and phrases that helped user relevance 
judgements, a think aloud protocol and a set of semi-structured interviews. Data collected 
were analysed through the content analysis technique. A total of 11 students participated 
in the study. Students were recruited from the Loughborough University student 
population following announcements in the university notice-boards and online student 
discussion lists. 
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Chapter 11 - Analysis of Study D: identification of the criteria 
used by university students when judging relevance. 
11.1. Background questionnaire 
-- - -- ---- -- --
Eleven students from Loughborough University participated in the study. Seven 
participants were taught postgraduate students, two were PhD students and the remaining 
two were first and third year undergraduate students. Nine participants were studying 
Information Science and the other two Economics and Politics respectively. The 
participants were very familiar users of the WWW (Mean Likert score = 5.8) 42. In terms 
of WWW use, eight participants indicated that they used the WWW for more than 10 
hours per week and three participants between five to 10 hours per week. Participants 
used the WWW for a variety of reasons, such as, reading textual information, 
communicating with peers and sharing information (Table 1, Appendix X). They were 
also frequent users of various EIS (Electronic Information Services) such as, the library 
OPAC, the library portal, scholar databases, search engines and subject guides (Table 2, 
Appendix X). Finally, none of the participants in the study had used the MERLOT 
system before. 
The participants had a wide range of information needs ranging from how they can use 
SPSS to differences in the preferences of books between girls and boys (Table 3, 
Appendix X). For six participants this was a new need while the remaining five 
participants had experienced the same information need before. Most participants' 
information gap was not very well defined (Mean Likert score = 3.8, range = 3.0). In 
addition, most of the participants did not have a considerable personal knowledge 
regarding their information need (Likert score = 3.45, range = 4), but they were interested 
in finding out more about It (Likert score = 5.7, range = 3.0) (Table 4, Appendix X for a 
comprehensive presentation of the results by participant). 
42 Data obtained from a 7 -pOint lIkert scale 
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11.2. Relevance criteria identified 
The analysis of the highlighted tenns and the think aloud protocol revealed that 
participants used 40 individual criteria in order to judge the relevance of a total of 97 
learning objects (Table 11.1). These criteria are grouped into 13 categories. The 
identification of relevance criteria and relevance categ0rie~ was ba~ed on_the: resul~~()r 
the literature review and an inductive content analysis of users' behavior (highlighted 
tenns and think aloud protocol) (see Chapter 10). The findings clearly suggest that 
Topicality was the main criterion participants used in order to judge relevance (see Figure 
11.1). This criterion was highlighted 329 times which represents approximately 40% of 
the total arnount of use of all relevance criteria. Other frequently used criteria were: 
Currency, Learning resource type, Audience, Depth, Authority of the resource and 
Language. This study, however, revealed several other criteria not identified by previous 
researchers such as the Download time and characteristics, Asslstlve material, Learning 
objectives and Type of mteractlVlty. These criteria are related to the technical and 
pedagogical aspects that can influence the relevance judgment of educational material 
such as learning objects. 
Ta bl d"d I 1 e 11.1. In IVI ua re evance cntena an d categones 0 f . cntena 
ID Criterion Description Frequency % 
1 Topicality cate20ry 329 39.5 
The topical relatedness of the materIal 
I I ToPlc- SUblect to users' needs 329 395 
2 Currency I Recencv cat •• orv 58 7 
How cunent, recent or up to date the 
2 I Currency I Recency material IS 58 7 
3 Tan21bility I UtilIty Or data cate20ry 29 3.5 
Type of data such as raw or hard data, 
3 1 Type of data use of .. aphs and tables 7 084 
Detatled or sumrnansed presentation of 
32 Amount of data Data I 012 
The mciuslon of practlccal suggestIons, 
33 Relevance/ulIlIty of data to the leamer examples, lists and help menus 17 204 
34 References The mcIUSlOn ofhst of references 4 048 
4 DeDthl,coDe/'Decificltv cate.orv 63 7.51 
The extent to which the mformatlon 
contaIned m the leammg object is m- 336 
depth (for example, an mtroductory 
4 I Depth learning object on statistICS does not 28 
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provide an 10 depth coverage of 
sophistIcated stallstlca1 techniques, such 
asANOVA) 
42 Scope The scope of the learnmgmatenal 21 25 
The speclficlty of the learnmg matenal 
43 Speclficlty (many pomts of view) 12 144 
The completeness of the contents of the 
44 Completeness leamm~ matenal 2 024 
~ ~ ~ -
- -
- -- - -
-
--- -
-
5 Technkal characteristics cate!!orv 
~~ -
-
-
-
--
- - 29- 3A8 
The fonoat of the matenal (e g Java 
5 I Format Apple!, html, pdf) 10 12 
SpeCIal rendermg mechamsms or 
52 Special requlSlles Software 5 06 
How long It takes for the learner to 
53 Duration of the learnmg matcnal lOteract (e ~ Video matenal) I 012 
How a learner can download the 
54 Download tIme and charactenstIcs resource and tIme needed to download It 13 156 
6 Avadabihty cate~ory 29 3.48 
61 Cost The cost of the matenal 23 276 
The avallablhty of the matenal 
62 A vadaMtlv (e ~ broken Imks) 3 036 
63 Copynght restnelloos The copynght statement afthe matenal 3 036 
Presentation and orgaDlsatlon oftbe 
7 resource catt1[ory 54 6 
The structure and orgamsatlon of the 
71 Structure and orgamsation of contents contents of the matenal 11 132 
The clarity of the textual and Vl5Ual 
72 Clarity of ViSUal InformatIon ob1ects (e ~ readaMltvl I 012 
How mteractIve the resource IS 
73 Type of mteractlvlty (type and level of mteractlvlty) 21 204 
Whether the resource was 
74 AesthetiC Appeal of the resource aesthetlacally plaIsant 4 048 
75 RelationshiP Wlth other resources RelatIOnshiP with other resources 17 204 
8 Pedagogical charactenstlcs category 127 15.12 
The type of the learrung resource 
8 I Learning resource type (e g exercl5e.lecture note) 74 876 
What other matonall5 mcluded that 
82 Supportive I asslstlve leamm~ matenal SUPPOrts learnlO~ (e g dlctlonanes) 9 108 
Who 15 the pnmwy audience ofthe 
83 AudIence Resource 34 408 
What the leammg objectiVes of the 
84 Learnmg objectives Resource are 9 108 
TIllS element defmes the level of 
difficulty asSOCiated to the use of a 
85 Difficulty level specific leamlOg object by a specific I 012 
audience (for example, a learnmg object 
about mtroductory statIstIcs could be 
very easy for semor~level undergraduate 
students tn statistics to work through) 
Quahty I rehab,hty of the resource 
9 Cate~ory 59 7.08 
The quality or relIabIlity of the contents 
91 QUality I relIabilIty of the resource of the resource 12 144 
92 Authonty of the resource The authonty of the leamm~ 28 
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Matenal 336 
The author's affihatlon 
93 Afflhatlon of the author (e ~ academIc mstltutIon) 8 096 
94 ReoutatIon of the resource The reputalIon of the resource 8 096 
The domam name of the URL 
95 URLdomruD (e g corn, edu etc) 3 036 
10 Affectiveness cateeory 13 1.56 
Refers to emotional cntena 
101 Affectlveness (e ~ sahsfactlOn, mterest etc) 13 156 
Background experience and learner 
11 characteristIcs category 11 1.3 
Refers to the background knowledge 
11 I Backgmund knowledge I experience and cogIlltIve state of the learner 7 084 
Whether the user is fanulIar with 
112 F81mhansatton With the resource partIcular learrun~ matenal 3 036 
Expectations about the content and 
113 Expectations presentatton of the resource I 012 
12 VerificatIon category_ 3 0.36 
Degree of agreement between the 
- contents of the resource and other 
12 I Verification external resources 3 036 
13 Document cnteria cBteeory 34 4.08 
13 I Language The language of the matenal 33 396 
The version / edition of the 
132 Version I Edition Learnmg matenal I 012 
The findings of the analysis of the categories of relevance criteria were similar. In 
particular, Topicality was the more frequently used category, followed by the 
EducatIOnal, Depth-Scope, Quality, Recency, Presentation, Document, Technical, 
Tangzbllity, Availability, Affectiveness, Background and VerificatIOn categories (see 
Figure 11.2). 
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Figure 11.1. The use of individual relevance criteria'3 
43 It IS worth mentioning that thiS figure Includes only the Top-20 most frequently used relevance 
criteria Each criterion represents at least the 1 % of the total amount of use of all relevance 
criteria However, Table 11.1 presents a full list of criteria 
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Figure 11.2. The use of relevance categones 
11.2.1. Location of relevance criteria 
Further analysis was conducted in order to identify the distribution of relevance criteria in 
three different parts of participants' interaction with the MERLOT system. These were 
the overview search result interface, the metadata surrogate preview and the learning 
object itself. The data analysis showed that relevance criteria were more frequently used 
in the metadata preview interface (319 occurrences of relevance criteria) rather than the 
overview interface (230 occurrences of relevance criteria) or the learning object itself 
(284 occurrences of relevance criteria). To test this assumption an one-way within 
subjects ANOV A test was conducted. The selection of the particular test was based on 
the fact that data was normally distributed as suggested by the Histogram and the Q-Q 
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plot (see Figures 1 and 2, Appendix X). The one-way within subjects ANOVA tests 
showed that the difference between the three locations was not statistically significant: 
F(I,311, 13.105)=2.636, p=0.122, partial 71'= 0.209 (Table 5, Appendix X) 44. It is worth 
mentioning that the number of occurrences of relevance criteria presented above 
represents the total amount of times relevance criteria were used for relevance judgment 
in the preview and overview interfaces as well as the learning object itself. The total 
number of occurrences, however, does not explain what type of relevance criteria were 
applied in the three phases of user interaction. 
In order to address this issue, Table 11.2 presents a summary of the frequency of use of 
each individual criterion in the three phases of participants' interaction with the 
MERLOT system (Le. the overview search result interface, the metadata surrogate 
preview and the learning object itself). As shown in this table participants used almost all 
types of relevance criteria (n=38) in the learning object, followed by the preview (n=28) 
and overview (n= 18) interfaces. Participants relied on the metadata surrogates (overview 
and preview) in order to evaluate various aspects of the content of a learning object, such 
as the Topic, Currency, Cost, Learning resource type, Audience, Author affiliation and 
Language. During the evaluation of the learning object itself, however, several other 
criteria were identified that they were not consistently displayed in the metadata 
surrogates. These were: Type of data, Relevance / Utllzty of the data to the user, Depth, 
Scope, Specificity, Completeness, Download time and characteristics, Type of 
interactivity, Relationship with other resources, Structure and organization of contents, 
Authority and Reputation of the resource. Figure 11.3 presents the patterns of use of the 
20 most frequently used criteria in the overview search result interface, the preview 
metadata surrogate interface and the learning object itself . 
.. It IS worth mentioning that the results of the corrected Huynh-Feldt test are reported here The 
selection of the particular test was based on the results of the Mauchly"s test of sphenclty that 
revealed the heterogeneity of covanances (p < 0 05) (Table 6, AppendiX W) 
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Table 11.2. The frequency of use of the criteria by location 
Frequencies 
Le.miDg 
ID Criterion Oven'iew Preview Ob/ect 
1 1 TOEIC - subJect 120 109 100 
21 Curren~ I Recencl 35 20 3 
31 Type of data 3 3 
32 Amount of data 0 0 
33 Relevance/unh!l: of data to the learner 1 2 14 
34 References 0 0 4 
41 D!'Eth 2 11 15 
42 SCO!!!! 0 11 10 
43 SI!5:£tfiCI!l:: 2 5 5 
44 ComEleteness 0 0 2 
5 1 Format 4 5 
52 S~Clal r~U1s1tes 0 3 2 
53 DuratIon of the Ieammg matenal 0 0 
54 Download time and charactenstlcs 0 3 10 
61 Cost 2 18 2 
62 AvaIiabIitI:t 0 2 
63 Co~ght restrlct10ns 0 3 0 
71 structure and orgamsatton of contents 0 10 
72 Clan!! of VISUal mformation 0 0 1 
73 T~ of mteract1Vl~ 5 6 10 
74 AesthetIC A~!!!!al of the resource 0 0 4 
75 ReiatlonshlE WIth other resources 2 4 11 
81 Learmng: resource ~ 33 26 15 
82 SUPEortlve I asslstIve leammg matenal 0 2 7 
83 Audience 4 27 3 
84 Learnmg objectives 0 4 5 
85 Dlfficul~ level 0 0 
91 Ouah!,X I rehabIll!!. of the resource 3 5 4 
92 AUthOTl!X of the resource 9 7 12 
93 AffiliatIon of the author 0 8 0 
94 R~utatlon of the resource 3 0 5 
95 URLdornain 0 0 3 
101 Affectlveness 0 3 10 
III Back8!ound knowledge I ex~lence 4 2 
112 Famlhansanon WIth the resource 1 
113 ExpectatIons 0 0 
121 Venficatlon 0 1 2 
131 Lanll'!age 2 29 2 
132 Version I EditIon 0 0 
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Figure 11.3. Pattern of use of individual criteria by location 
The findings of the analysis at the category level were similar. Table 11.3 shows that the 
Topicality, Currency, Availability, Educational and Document categories of relevance 
criteria were more frequent ly used when participants interacted with the metadata 
surrogate at the preview or overview level. Other relevance categories, however, were 
identified at the learning object level. These were: the Tangibility / Utility of data, Depth / 
Scope / Specijicity, Technical, Presentation, Quality, and Affectiveness categories. In 
addition, the Background and Verification categories of relevance criteria were not 
frequently used by participants in this study. 
Summari sing, the results showed that participants assessed relevance based on the 
criterion of Topicality. However, other frequently used criteria were the Learning 
resource type, Currency/Recency, Audience, Language, Depth, Authority and Cost. These 
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criteria were used more frequently during user interaction with the metadata surrogate 
overview and preview) rather than with the learning object itself. An obvious reason for 
this phenomenon could be related to the presence in the metadata surrogate of metadata 
elements that presented participants with information that matched the requirements of 
the specific relevance criteria (for example, the metadata element: Date matched the 
relevance criterion of Recency/Currency). The analysis of the individual criteria and 
categories of criteria, however, showed that participants used more criteria when they 
interacted with the learning object itself rather than the overview or preview interface. It 
can be assumed that this happened because of a lack of metadata elements that can be 
matched with many of the relevance criteria that occurred in the learning object itself. 
The following section attempts to support this assumption through the examination of the 
level of match or correspondence between the relevance criteria identified in this study 
and two already existing learning object metadata schemas: (I) the metadata elements of 
MERLOT, and (2) the metadata elements of the UK LOM Core application profile. 
Table 11.3. Categories of criteria by location 
FregueDc:y 
ID Criteria Oveniew Preview Leamin; Object 
1. Topic· Subject 120 109 100 
2. Currency· recency 35 20 3 
3. TangibIlity / UtIlity of data 2 5 22 
4 Depth / Scope / SpeClfiClty 4 27 32 
5. TechnIcal 1 10 18 
6. AvaIlabIlIty 3 23 3 
7. PresentatIon 7 11 36 
8. Educational 37 59 31 
9. Quality 15 20 24 
10. AffeCtlveness 0 3 10 
11. Background 5 2 3 
12. Venfication 0 2 
13. Document 2 29 3 
11.2.2. Mapping between relevance criteria and metadata elements in MERLOT 
In a previous study, Wang and Soergel (1998) proposed a conceptual framework for 
mapping relevance criteria and metadata elements (see Section 2.3.6.2). A limitation of 
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this framework, however, is related to the lack of guidelines about how relevance criteria 
can be mapped to metadata elements. Barry (1998) recommended that the mapping 
process could be achieved only by inference (for example, by comparing the semantic 
similarity between metadata elements and relevance criteria). However, a more promising 
approach to mapping of metadata elements and relevance criteria can be found in the 
process of creating metadata crosswalks. Metadata crosswalk is the process of mapping 
metadata elements from heterogeneous metadata standards, schemas and application 
profiles (Zeng and Qin, 2008). Although the technique has not been applied in the past 
for mapping relevance criteria to metadata elements, it provides a good framework for 
achieving this. In this case, instead of comparing two metadata schemas, the mapping 
process is based on the list of user-defined relevance criteria (see Table I I. I) and two 
metadata schemas: MERLOT (discussed in this section) and the UK LOM Core 
application profile. The mapping process can provide a good framework for evaluating 
the user-centeredness of the content of already existing metadata standards, schemas and 
application profiles. The outcome of the evaluation should inform designers and 
implementers of metadata elements about the extent to which metadata elements meet the 
needs of students for relevance judgment. 
The standard mapping process involves the use of charts or tables that represent the 
semantic similarity between the metadata elements of the source metadata standard and 
the metadata elements of the target standard (Zeng and Qin, 2008). Semantic similarity 
between elements can be expressed at different levels of semantic equivalence. These 
may include: one to one (or direct crosswalking), many to one, one to many and one to 
none relationships. In the context of this study, a one to many semantic relationship was 
expressed between the relevance criteria (source) and the metadata elements (target). 
This decision was made because more than one metadata element can provide cues to a 
single relevance criterion (for example, the Title, Description and Keywords metadata 
elements can help users judge the topical relatedness of the learning object to their 
needs). In addition, where appropriate, one to none relationships were identified. These 
relationships indicated the lack of correspondence (exact or relative) between the 
relevance criteria and the metadata surrogate. Finally, in the case of the Description-
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Abstract metadata element, a many to one relationship is represented in a separate Table 
in order to show the multiplicity of relevance criteria that can be addressed by the 
particular metadata element. 
Although standard mapping between metadata elements can be based on several factors, 
such as semantic similarity of the definitions of metadata elements, the status of metadata 
elements (for example, whether metadata elements are mandatory or optional), the 
number of times metadata elements can appear in the surrogate or the constraints that 
apply to metadata elements (such as hierarchical parent-child relationships) (pierre and 
LaPlant, 1998), in the context of this study the mapping was focused only on the semantic 
similarity between the definitions of metadata elements and the descriptions of the 
relevance criteria (see Table 11.1). This decision was made because relevance criteria do 
not have several metadata properties such as status (mandatory or optional), repeatability 
or constraints related to their relationship with parent or child criteria. Finally, it is worth 
mentioning that the process of judging the semantic similarity between the metadata 
elements and relevance criteria was based on the researcher's subjective inference. This 
happened due to a lack of a standard set of objective criteria that could guide the mapping 
process (Barry, 1998). Although subjective inference can be biased by the experience and 
interpretative capabilities or characteristics of the researcher, in the context of this study 
actions were taken in order to strengthen the validity of the inference process. These 
were: 
• The inspection of the produced mapping tables by two scientists with expertise in 
LOM and the evaluation ofIR systems. 
• : The use of metadata standards and key studies in relevance judgment behaviour 
research as a means of defining the semantics of the metadata elements and relevance 
criteria respectively. For example, the definitions provided by the LOM standard were 
used in order to interpret the semantics of the metadata elements of this study. 
Similarly, where applicable, key studies on the identification of relevance criteria 
were used for the interpretation of the semantics of relevance criteria (see for 
example, Chapter 2). 
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Table 11.4 presents the results of the mapping between the relevance criteria identified 
by participants and the metadata elements included in the metadata surrogate of the 
MERLOT system (overview and preview). The results revealed that there is a mapping 
between 10 relevance criteria and MERLOT metadata elements. 
Tbl1l4M a e .. b appmg etween re evance cntena an d d . MERLOT meta ata e ements m 
ID Relevance Critena MERLOT Metadata Surronte 
1 Topicalitv cate.orv 
I I Top'c- subject Browse 10 catcgones I DescnptIOn I Title 
2 Currencv I Recencv cate.orv 
21 Currency I Recency Date added I Date mod.fied 
3 Tang.bllity I Utility of data category 
3 I Type of data 
32 Amount of data 
33 Relevanceluttlltv of data to the learner 
34 References 
4 Depth! scope/ specificitv cat ... rv 
41 Depth 
42 Seepe 
43 Spec.fic.ty 
44 Completeness 
5 Technical charactenstics catee-ory 
SI Format 
S2 Special requISItes 
S3 DurallOn of the leammg malenal 
S4 Download tIme and characterIstics 
6 Availability category 
61 Cost - Affordab.lIty Cost Involved 
, 
62 Avwlablltty Location 
63 Copyri~t restnctIOns Cop"".ht 
Presentation and organIZation of the 
7 Resource category 
71 Structure and orgaIlIsatlon of contents 
72 ClarIty of VIsual mformatlon 
73 Type of mteractlVltv 
74 Aesthenc Appeal of the resource 
7S Relattonsh.p With other resources 
8 Ped ••••• cal characterisllcs cate •• rv 
8 I Leamin. resource type Mater.a1 type 
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82 Su rove I asslstlve learnm matenal 
83 Audience Pnm audience 
84 
85 
Quahty I reliability of the resource 
9 Cat 0 
91 Peer reviews 
92 
93 Affihatlon of the author Author mcludes author affiliatIon 
94 R utatIon of the resource 
95 URLdomam 
10 Affectiveness cate 0 
101 Affecttveness 
11 
111 
112 Farmhansatton WIth the resource 
113 Ex ons 
12 Verification cate 0 
121 VenficatIOn 
13 Document criteria cat 0 
131 Lan a e Lan a e 
132 VersIon I EdItIOn 
Some of the metadata elements of the MERLOT surrogate did not provide any cues for 
participants' to make relevance judgments. These were: the submitter (Who uploads the 
learning material to the system?), Source code available (Is the source code of the 
learning material available to the user?) Section 508 compliant (Is the learning material 
accessible to all users?), Creative Commons (Can the learning material be modified and 
used by others?), Comments (What comments other users of the learning material have 
made?), Assignments (What practical exercises have been developed by other teachers 
based on the particular learning material?), and Personal collections (Is the particular 
learning material part of larger collection of related materials?). The remaining metadata 
elements of the MERLOT surrogate were mapped at least to one relevance criterion. 
There is a debate, however, about the role of the Description metadata element of the 
MERLOT system in this mapping process. In particular, the Description metadata 
element of the MERLOT surrogate provided cues to several relevance criteria beyond 
Topicality. Table 11.5 presents a list of criteria that participants in this study used to 
judge the relevance of a learning object based on the Description element. This table 
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reveals that Topicality was the main criterion users used to judge relevance. Other 
frequently used criteria, however, were the Learning resource type, Audience and 
Relevance / Utility of data to the learner. The variability in the frequencies among the 
various relevance criteria was based on the inconsistent display of the contents in the 
Description metadata element. For example, in most cases under investigation the, 
Description metadata element included information about the topic or subject matter of 
the learning object, therefore participants assessed this metadata element based on its 
topical relatedness to their needs. In few other cases, the description included information 
that helped participants judge the leaming object in terms of other criteria, such as Type 
of data, Scope, Depth or Learning resource type. This type of information, however, was 
not consistently displayed in the Description metadata element of the metadata surrogates 
inMERLOT. 
Table 11 5 RI .. e evance cntena occurre In t e DescnptlOn mela ala e e d· h d I ment 
ID Criterion Frequency 
1 TOOlcalitv catet!orv 108 
11 Toplc- subject 108 
2 Currencv I Recencv cat~gory_ 1 
21 Currency I Recencv I 
3 Tan.ibilitv I Utditv of data cate.orv 16 
3 1 Type of data 5 
33 Relevance/utlhty of data to the learner 11 
4 Deptbl scope! specificl!y cateeorv 17 
41 Depth 3 
42 Scope 8 
43 Speclficlty 6 
5 Techmcal charactensncs cate20ry 7 
51 Format 2 
52 SpecIaL reqUISItes 2 
54 Download time and charactenstlcs 3 
6 Availabihtv cate.orv 1 
63 AvallabdtlV I 
Presentation and organisatIon of the 
7 resource category 6 
71 Structure and orgamsanon of contents 1 
75 RelatlonshlD with other resources 5 
8 Peda202ical characteristIcs cate20rv 44 
81 Learnin~ resource type 28 
82 SUPPOrtive I assisttve learnmg matenal 2 
83 Audience 10 
84 LearnID~ ob,ectJves 4 
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Quality I reliability of the resource 
9 Cateeory 11 
91 QUalIty I rehabIllty of the resource 2 
92 Authonty of the resource 2 
93 AffilIatIOn of the author 7 
Background experience and learner 
11 characteristics cafe2:ory 3 
111 Background kuowledge I experIence 3 
12 Venfication cateeory 2 
121 VenficatlOn 2 
Based on the results presented in Table 11.4 it can be concluded that most of the 
relevance criteria users employed were not directly mapped to the contents of the 
metadata surrogate of MERLOT. This finding is consistent with Table 11.2 that reveals 
that most of the criteria of the Education, Tangzblllty, Depth - Scope and Technical 
categories were more frequently used in the context of the learning object rather than the 
metadata surrogate (preview and overview). Although some of these criteria were 
presented in the contents of the Description metadata element (see Table 11.5), their 
display was inconsistent and focused on the topicality. Therefore, the results of the 
mapping between the relevance criteria and the metadata surrogate of MERLOT clearly 
indicate a need for enhancing the particular metadata surrogate with more metadata 
elements that could present consistently all needed information that provide cues for 
relevance judgment. 
11.2.3. Mapping between relevance criteria and metadata elements in the UK LOM 
Core application profile 
The mapping between the relevance criteria and the UK LOM Core showed that some 
criteria were not directly mapped to metadata elements. These criteria were: Type of data, 
Amount of data, Relevance / Utility of data to the learner, References, Depth, Specljicity, 
Completeness, Download time and characteristics, AVa/labillty, Clarity of visual 
information, Supportive / Assistlve learning material, Learning objectives, Quality / 
Reliability of the resource, Authority of the Resource, Reputation of the resource, 
Affectiveness, Familia71sation with the resource, Background experience and 
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Expectations. Some of these are criteria intrinsic to a user and therefore they cannot be 
objectively represented by a metadata element, such as Affectiveness, Familiarisation 
with the resource and Expectations. These criteria occurred in the context ofthe learning 
object rather than the metadata surrogate. It can be assumed, however, that by reading the 
contents of a complete metadata surrogate and especially those elements that map to the 
criterion of topicality a user find cues for the subjective criteria of Affectiveness, 
Familiarization with the resource and Expectations about the contents of the learning 
object (Table 11.6). For example, users who read the contents of the Description 
metadata element can experience different feelings that can influence their relevance 
judgment, such as interest or excitement about the topic. 
bI Ta e 11.6. Mappmg be tween re evance cntena and the UK LOM Core 
ID Relevance Criteria LOM Standard 
1 TopICality cate20ry 
General TItle I General DescnptIon I 
General Keyword I ClassIficatIon DescnptIon I 
Classification Keyword I Classification Taxon 
1 1 Toplc- subject Path Taxon EntIy 
2 Currency I Recency cate20ry 
21 Currency I Recency LIfe Cvcle ContrIbute Date 
3 Tan21bihty I UtIlity of data cate.orv 
31 Type of data 
32 Amount of data 
33 Relevance/utIhty of data to the learner 
34 References 
4 Depth! scope! SpecitiClty cate20ry 
41 Depth 
42 Scooo General Coverage 
43 SoecIficlty 
44 Comaleteness 
5 Technical characteristics catt20rv 
5 I Format Techrucal Format 
TechnIcal Requitement I TechnIcal Other 
52 SOOClal requISItes Platfonn Requltements 
53 DuratIon of the learnmg matenal Techrucal DuratIon 
54 Download ttme and characteristIcs 
6 AvaIlabIlity cat .. orv 
61 Cost - Affordablhty RIgbtsCost 
62 AvaIlablltlY 
63 Copynght res!netton, RI~hts Copvn~ht and other restrIctIon, 
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PresentatIon and organization of the 
7 resource categorY 
71 Structure and orpamsatlon of contents General Structure I General Aggregatton Level 
72 Clantv of ViSUal mformallon 
T""" of mleractlvltv 
Educatlonallnleractlvlty Type I 
73 Educational InteractlvltV Level 
74 Aesthellc anneal of the resource 
75 RelatIonshln WIth other resources RelallOn Kmd 
8 Pedauoolcal charactenstics cateO'orv 
8 I Learmng resource tvoe EducallOnal Learnmg Resource Type 
82 Sunnortlve I asslstlve Ieamm~ matenal 
Educallonallnlended End User Role I 
EducatIOnal Conlext I Educattonal Typical Age 
83 Audience Range 
84 Learnmg ob,eetlves 
85 Dlfficultv level EducallOnal Difficulty 
Quality I rehablllty of the resource 
9 Categorv 
9 I Oualitv I rehabdltv oflhe resource 
92 Authorltv of the resource 
Life Cycle Contnbute Entlty 
93 AffiliatIOn of the author 
94 Renutatlon of the resource 
95 URLdomam Techrncal Local!On 
10 Affectiveness categorY 
Any of the LOM elements that map to the 
10 I AffectJ.veness cntenon OftoPlCal,tv 
Background experience and learner 
11 characteristics tat~orv 
111 Background knowledge I exoenence 
Any of the LOM elements that map 10 the 
112 FarmhansatIon WIth the resource cnlenon oftonicalltv 
Any of the LOM elements that map 10 the 
113 ExnectatIons cnlenon oflomcal,tv 
12 Venfication cate9'orY 
Any of the LOM elements thal map 10 Ihe 
12 I Venfication entenon oftoDlcalltv 
13 Document critena cateO'orv 
131 Lan""a"e General Language 
132 Version I EditIon Life Cycle Version I Life Cycle 
In addition, the metadata elements of the UK LOM Core were not directly mapped to a 
relevance criterion were: the Life Cycle Contribute. Role, Technical Size, 
Technical.Installation remarks, Educational.Semantic Density, Educational. Typical 
Learning Time, Educational Description, Educational.Language, Rights.Description, 
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Classification.Purpose as well as the metadata elements included in the Meta Metadata 
and Annotation metadata categories. These are summarized below: 
Life Cycle.Contribute.Role 
In the LOM standard this metadata element provides information about the role of the 
contributor of a learning object. Possible roles may include: the author, publisher, editor 
or graphical designer of a learning object. The results of this study, however, revealed 
that participants did not pay much attention to the role of the contributor. Participants 
tended to be more influenced by the author's affiliation rather than the author's role in the 
creation of a learning object. 
Technical.Size 
This metadata element provides information about the size of a learning object (for 
example, 2000 bytes)4s. The participants, however, did not judge relevance based on the 
physical size of a learning object. 
Technical.Installation Remarks 
This metadata element describes how a learning object can be installed. None of the 
participants in this study needed to use special installation guidelines. Therefore, this 
metadata element did not provide any cues for relevance judgment. It is worth 
mentioning that a decision was made not to map this element to the Special requisites 
criterion. This happened because the purpose of the Technical Installation remarks or 
requirements metadata element was to inform the user of a learning object about the 
installation process. Normally this involves a step by step guide about how to install and 
run the learning object application. However, the analysis of user relevance judgment 
behaviour showed that participants used the Special requisites criterion as a means of 
unde~standing the kind of technologies or applications (both hardware and software) that 
were required in order to use the learning object. Examples of this type of technologies 
may include graphic cards and e-learning platforms or the downloading of specific 
45 The LOM standard speCIfies that the phYSIcal sIze of a learnIng object should be IndIcated In 
bytes (IEEE, 2002) 
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software, such as Adobe Reader. Therefore, in the context of this study a distinction was 
made between the process of installing the learning object and the technical requirements 
needed to use the resource. 
Educational.Semantic Density 
Semantic density describes the level of concisness of a learning object. None of the 
participants in this study used a relevance criterion that can be directly mapped to this 
metadata element. 
EducationaL Typical Learning Time 
This metadata element provides an estimation of the time needed for a learner to interact 
with the learning object. None of the participants in the study mentioned the time needed 
to interact with the learning object as a criterion for judging relevance. 
EducationaLDescription 
While the General.Description metadata element provides information about the contents 
of the learning object, the Educational Description includes guidelines about the use of a 
learning object. 
Educational.Language 
This metadata element describes the language used by the target audience of a learning 
object. This differs from the General Language metadata element that indicates the 
language of a learning object.46 
46 An example that Indicates the difference between the two metadata elements In the General 
and Educational metadata categories of LOM IS prOVided In the LOM standard " . .for a leamlng 
object in French, Intended for English speaking students, the value of 1 3 General Language will 
be French, and the value of 5 11 Educational Language will be English" (IEEE, 20002, P 30) 
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Rights.Description 
Although participants in the study found the use of the copyright and cost metadata 
elements useful, a description of the conditions of use of the learning object were not 
equally valued as aspects for relevance judgment. 
Classification.Purpose 
This metadata element states the purpose of classifying a learning object. Several 
purposes can be identified by the values proposed in the draft standard of LOM such as 
discipline, idea, educational objective, accessibility and educational level. Although LOM 
gives the opportunity to document learning objectives as well, the UK LOM CORE does 
not recommend its use for this purpose (UK LOM CORE, version 2.0). 
Meta-metadata category 
This category includes metadata elements about the creator and the creation of the 
metadata surrogate itself. This type of information is important for administrative 
purposes, including the preservation and editing of the metadata record. Therefore this 
metadata category has little value for the learner. 
Annotation metadata category 
This metadata category of LOM can include comments made by teachers about the 
instructional use of a learning object and their experiences. None of the participants in 
this study mentioned any criterion that could be mapped to the particular metadata 
element. This element, however, could be modified in order to include learners' and 
teachers' comments about the instructional quality, authority or reputation of a learning 
object. 
Finally, Table 11.7 presents a list of criteria that need to be included in metadata 
standards, such as LOM, in order to facilitate the needs of university students during the 
relevance judgment process. These criteria were not mapped to the metadata elements of 
the UK LOM Core application profile or the surrogates contained in MERLOT. The 
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absence of these elements from the metadata surrogate could have an impact of students' 
relevance judgment performance. 
Table 11.7. Pro osed list of new learning ob·eet metadata elements 
<ranglbllIty-oCDatal> <EducatIOnal!> 
<Type _ oC datal> <Assislive _leamID&.. material/> 
<Amount_ oC Datal> <Ieamin&.. obJectlvesl> 
<UtIlity-oC data _to_the Jeamer!> <QUalIty!> 
<References!> <QualIty> 
<Depth> <Authonty!> 
<Depth!> <Reputation!> 
<Speclficlty!> <User_Background/> 
<Completeness!> <BackgroundJeqUlrements/> 
<rechnical!> <AvailabilIty!> 
<Downloadin&.. charactenslics!> <Link_AvailabilIty!> 
<Presentation!> 
<Clanty of visual infonnation!> 
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11.3. Analysis ofthe interviews 
11.3.1. Factors affecting participants' relevance judgments. 
The data analysis revealed that the relevance judgments of participants were influenced 
by several factors. These are summarized below: 
Topicality 
Authonty 
Learnmg resource type 
Special requISItes 
Author'S affiliation 
Language 
Background knowledge and charactensttcs 
Recency 
QualIty 
AudIence 
Cost 
Download time and characteristics 
URLdomam 
Structure and organlzatton of the 
contents of the resource 
Reputation of the resource 
RelationshIp with other learning 
objects 
Depth 
Affecttveness 
Completeness 
Supportive I Assistlve matenal 
Scope 
Learning objecttves 
These factors validate the findings of the previous part of the analysis (see section 11.2). 
In particular, most of the criteria or factors identified in the interview were among the top 
20 most frequently used relevance criteria. Although the data collected from this question 
of the interview did not provide an exhaustive list of the criteria used by participants to 
judge relevance it presents some useful explanations about their use. 
Table 11.8 presents a summary of the frequency of occurrence of each factor among the 
11 participants. Then some explanation for each of these factors are provided. 
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Table 11.8. Summary off actors influencing relevance judgment by participants 
Participants 
Factors (relevance 
criteria) 
TopIcalIty 
Authonty 
Learning resource 
type 
SpecIal requIsItes 
Author's affibatlOn 
Language 
Background 
knowledge 
Recency 
Quabty 
AudIence 
Cost 
Download 
URLDomain 
Structure and 
organization of the 
contents 
ReputatIOn of the 
resource 
RelatIOnshIp WIth 
other learnmg 
matenal 
Depth 
Affectlveness 
Completeness 
SupportIve I 
asslstive material 
Scope 
Learnmg objectIves 
A B c 
• • 
• 
• • 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• • 
• 
D E F G H I K 
• • • • • • • • 
• 
• • 
• • 
• • • 
• 
• • 
• 
• 
• • • 
• 
• • 
L 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
Topicality - All participants in the study perceived topicality as the main factor for 
judging relevance. Participants linked topicality to the concept of 'aboutness' or 'subject 
relatedness' between their information need and the retrieved surrogates or learning 
objects: 
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"[ ... ] words In the description like SPSs. introduction to 
statistics, chi-square made me understand that the 
resource is appropriate for my needs" 
[Participant 1] 
It is worth mentioning that the Title and the Description of the metadata surrogate were 
the main metadata elements that participants used to judge topical relevance. In the case 
of the learning object itself participants were more interested in the first page or home 
page. This is because a homepage usually provides information related to the topic of the 
learning object, including the title and the description of it: 
"The title and the description [of the metadata surrogate] 
were not relevant at all to my subject" 
"/ think the title is relevant , / am trying to find any 
relevant information In the first page of thIS material 
[home page of a learning object]" 
[Participant 6] 
[participant 8] 
Learning resource type - Learning resource type was the second most frequently 
mentioned factor. It was indicated by a total of five participants. From the analysis of 
participants' respon~e it becomes clear that most of them were more positive about 
learning objects that had the form of a tutorial or included exercises: 
"[oo.] there are excercises which are very good for 
someone that needs to learn how to calculate a normal 
distribution" 
[participant 2] 
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Recency - A total of five participants in the study perceived recency as another factor that 
helped them judge relevance. The participants tended to perceive recently updated 
resources as more reliable and useful than older ones. 
"Also it was recently updated, that is good because I 
want new informatIon rather something out of date and 
old" 
[Participant 8] 
Language - The language in which a learning object is written was mentioned by four 
participants. The fact that this factor was not mentioned by the majority of participants 
can be attributed to MERLOT's bias towards an English speaking audience. Therefore, 
the majority of participants assumed that the database provides access only to learning 
material in English. In few cases, however, participants in the study encountered material 
written in another language. In these cases Language was the most important factor for 
rejecting a learning object. 
"It says that it is written in Spanish, so I can't use this 
resource ... 1 do not know any Spanish" 
[participant 3] 
AudIence - Four participant also mentioned Audience as a factor that made them judge a 
learning object as relevant or not relevant: 
"It's about K-12 teachers, doesn't seem to be of much 
relevance to me" 
[participant 3] 
Authorzty - Authority was another factor that influenced participants' relevance 
judgments. This factor was acknowledged by three participants. Participants tended to 
. 
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perceive learning objects created by academics that they were familiar with or co-
authored by more than one persons as more authoritative and of a better quality than 
learning objects authored by unknown authors: 
"The authority of the resource is important as well. For 
example, Is the resource produced by a single author or 
by many authors together? In this case I thmk that the 
resource is of a better quality" 
[participant I] 
Depth - Three participants also mentioned issues related to the depth of a resource as a 
factor that made them judge a learning object as relevant or not relevant. For example, 
participants liked to know the level of coverage of the contents of a learning object: 
"[ ... J, the descriptIOn makes clear the broad coverage of 
the resource, from the basics, like grammar and syntax to 
writing an essay" 
[participant 11] 
Structure and organization of the contents of the resource - The structure and 
organisation of the contents ofa learning object was mentioned by three participants as a 
factor that influenced their relevance judgment. Participants' comments were related to 
the information architecture and the structure of the contents of a learning object. In 
general, well structured and usable organization of contents makes the evaluation of the 
relevance of a learning object easier: 
"Slightly disappointmg because it doesn't take me to the 
learning material but in another site" 
[Participant 6] 
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Scope - Two participants in the interview mentioned issues related to the scope of a 
learning object as a means of judging the relevance of learning object metadata surrogates 
and learning objects. In particular, scope helped them retain a focus and a reason for 
using the learning object, for example, why a particular learning object should be selected 
instead of another, though it is topically relevant?: 
"This is about normal distribution, yes , but it doesn't 
JustifY why this simulation was created, were can be used 
and how? " 
[participant 2] 
Relationship with other materzal - Two participants indicated that the relationship of a 
learning object with other related learning materials tended to make participants to be 
more positive when judging relevance: 
"The resource presents a list of links to other relevant 
material, I liked this because gives me alternative 
options" 
[participant 8] 
Download time and characteristics - Two participants mentioned the provision for 
downloading learning object as a factor for judging relevance. Some of the reasons 
include the fact that they are not required to stay online in order to use the resource and 
the option to print it. 
"I have the opportunity to download excercises and other 
material which I can use while I am offline" 
[Participant 2] 
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Cost - The cost involved for accessing a learning object was mentioned by two 
participants. Both participants preferred the use of freely available resources. 
Quality - Two participants mentioned the presentation or absence of good peer reviews 
as another factor for evaluating the quality and thus, the relevance of a learning object. 
Both participants preferred good and authoritative reviews. Although the concept of 
quality can be interpreted differently by different users the majority of participants in the 
study related quality to the presence of objective information or information about best 
practice in using the learning object. 
"ThIs resource seems to have good revlews ... they pomt 
both negative and positive comments and demonstrate 
how these helped other people to learn things" 
[Participant 2] 
Author's affiliation - The author's affiliation was another factor mentioned by two 
participants. In particular, participants seemed to make more positive judgments when the 
author was affiliated to a university or an organization that was familiar to the participant. 
"The author is a university lecturer at Columbia so I can 
count on the reliability of this resource" 
[Participant 2] 
The remaining factors were identified by one participant in each case. These were: 
• Special requisites: "I liked that it included information about technical 
requirements like java applets" (participant 2). 
• Background knowledge: "In the learning object itself terms like 'this resource 
requires understanding of basic statIstics' helped me understand any 
requirements that I should meet before using the resource" (participant 2). 
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• URL domain: "I checked the URL to see if it is from an academic site", 
(participant 4). 
• Reputation of the resource: "The W3C website has a good reputation I quite 
frequently use It myself' (participant 8). 
• Affectiveness: "When I accessed the resource Ifound to be really mteresting with 
the use of forms and boxes I liked this kind of interaction" (participant 11). 
• Completeness: "Also there was a range of different types of essay tOpICS to choose 
from, actually It mcludes everything' (participant 11). 
• Supportive / assistive material: "There is an index of terms, like a glossary that it 
usefuf' (participant 11). 
• Learning objectives: "It states what I am supposed to learn by using the matenal 
this is important for me" (participant 11). 
11.3.2. Usefulness of the metadata elements included in the MERLOT surrogate 
Table 11.9 presents the most useful metadata elements for relevance judgment based on 
the data collected from the respondents in the interview. 
Table 11.9. Summary of metadata elements which are useful for relevance judgment 
Participants 
Metadata elements A B C D E F G H I K L 
DeSCription • • • • • • • • • • 
Date modified • • • • • • • • 
Material type • • • • • • 
Title • • • • • 
Language • • • • • 
Audience • • • • 
Cost • • • • 
Author • • • 
Browse In Categories • 
Location • 
As it is shown in Table 11.9 most participants indicated that the Description element was 
among the most useful metadata elements for relevance judgment. It should be 
mentioned, however, that some of the participants were not satisfied with the 
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inconsistency with which the contents of the learning object were presented in the 
Description metadata element. For example, participants criticized the fact that in some 
cases the Description metadata element did not include rich and useful information and it 
was presented inconsistently among the different surrogates of the search result interface. 
The second most useful metadata element was the Date modified which eight participants 
perceived to be more important than the Date of creation of the leaming object. The 
material type was also perceived to be a useful metadata element by six participants. This 
was important for users who were interested in specific types of learning objects: 
"also gave me some good mformation about whether the 
resource was a tutorial or something else" 
[Participant 8] 
The Title and Language metadata elements were mentioned by a total of five participants. 
The Title provided participants with a hint of what the learning object was about. Some 
participants, however, did not like the use of a general title or words and phrases that did 
not describe the contents of a learning object appropriately. 
"Some titles are general, not very descriptive and too 
difficult to make any sense of the contents" 
[Participant 7] 
The Language metadata element provided participants with important information about 
whether or not they should download or access the learning object itself. A Learning 
objects that has not been created in the learners' native language or at least in a language 
they can understand, is of no value to them. 
Four participants also mentioned that the metadata element Cost involved was among the 
most useful elements for judging relevance. These participants were not interested in 
paying any type of subscription fee in order to access the learning object. 
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Another four participants mentioned the Primary audience as one of the most useful 
metadata elements. These participants, however, also mentioned that some of the 
vocabularies included in the particular metadata element were too broad and difficult to 
understand: 
"It should be more precise, it is too wide and includes a 
whole range of audiences" 
[Participant 5] 
Finally, other metadata elements that participants found useful to judge relevance, were: 
the Author, Location and Browse in categories. It is worth mentioning, however, that in 
the case of the Author element some of the participants in the study mentioned that they 
did not like the fact that the author's narne was not always accompanied with information 
about the author's affiliation. This finding is in accordance with participants' responses in 
the previous question of the interview about the factors affecting their relevance 
judgments. For example, two participants mentioned that they tended to make positive 
relevance jUdgments when the author of the learning object was affiliated to a higher 
education institution. 
11.3.3. Improvements and additions in the content of the metadata surrogates in 
MERLOT 
Participants in the study made suggestions for improving and enhancing the metadata 
surrogates of the MERLOT system. These included the improvement of the Description, 
Author, Audience and Material Type metadata elements as well as the inclusion of some 
new metadata elements. 
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Description metadata element 
Seven participants mentioned that changes should be made in the Description metadata 
element, these were: 
• The use of shorter, consistent and more comprehensive descriptions of the 
contents of a learning object (four participants). For example Participant 1 said: 
"Also I think that the description should be more comprehensive. I do not think 
that long and general descriptions are useful ". The same participant mentioned as 
an example of a good description, the following sentences included in one 
metadata surrogate ofMERLOT: 
"This is essentially a textbook on introductory statistics. It 
contains a great deal of material including chapters on 
regression, correlation, experimental design, ANOVA, t-tests and 
chi-square ". 
In the following statement the Participant 1 provided a justification of this 
selection: "It provides me directly what type of information contains the resource, 
It's difficulty, for example introductory statistics, and its coverage, for example, 
correlations, ANOVA and other tests". 
• The highlighting of query terms inline (four participants): "I would like to see my 
keywords highlighted in the description, so that I could scan it qUickly and see 
how relevant thiS IS" (participant 1). 
• The clear presentation and organization of the contents of the description element 
(one participant): "There is no clear descriptIOn of the contents, perhaps bullet 
pomts would have made the description look more clear" (participant 2). 
• The inclusion ofa list of the main contents and links of the learning object (one 
participant): "I would be interested in information about how the website looks 
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like, like a screenshot, or, a list of the main contents and maybe links" 
(participant 3). 
• The use of neutral phrases to describe the content of a learning object, as well as 
the consistent display of the contents (one participant): "The description is not 
always consistent, in some cases It proVides too much information while in other 
cases there is only one sentence. Also I did not like terms like 'this is an excellent 
source' I am not debating this but who says that this is an excellent material?" 
(participant 4). 
Details about the author 
Four participants in the study mentioned that details about the author should be included 
in the surrogate. Few examples of such details include the author's affiliation (which 
should be consistently displayed) and a short biographical note: 
Audience 
"There is information about the author but not where he 
IS from, for example, whether he is from a university or 
what's his role, this kind of information IS necessary for 
me because I am not familiar with any of these authors" 
[participant 4] 
Two participants were frustrated by the contents of the Audience metadata element. In 
particular, they found difficult to understand the vocabularies used, such as College 
General Education or College Lower: 
"The primary audience is a bit frustrating , I did not 
understand some terms like College Lower, or College 
General Education what IS the difference? Terminology 
should be easy to understand" 
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[Participant 11] 
In addition, two participants did not like the lack of details about the type of audience. 
For example, specific terms such as first year undergraduate or taught postgraduate 
should be preferred over more general terms such as College General Education or 
College Lower. 
Material Type 
One participant found some or the values used in the material type metadata element 
difficult to understand and suggested the provision of further explanations or a help 
menu: 
"I llked the use of terms llke tutorial and interactive 
tutorial, because I know that a tutorial is something 
usefol to me, but some other words are not really helpfol, 
like animation or java applet? What can I do with these 
or what is a java applet? In this case I think that some 
kind of help should be displayed or a link to supporting 
information or even a dictionary" 
[Participant 4] 
Finally, two participants suggested the exclusion of some metadata elements from the 
surrogate such as the Associative material and the Section 50847 which they found less 
useful. The participants found that the associative material did not provide any new 
information about the learning object, while in the case of Section 508 participants found 
it confusing and difficult to understand. 
47 Section 508 IS a U S. based legislation that promotes the development of web standards, 
contents and technologies that are accessible by people with disabilities Participants In the study 
did not suffer from any type of vlsuallmpalrement Therefore, they did not find useful the inclUSion 
of thiS type of information In the surrogate 
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New elements 
Some additional metadata elements for inclusion in the metadata surrogate were 
identified. These were: users' comments (two participants), learning objectives (two 
participants), more descriptive keywords (two participants), information about the quality 
and authority of the learning object (two participants), indication of the availability of the 
links (e.g. broken links should be indicated) (one participant) and type of interaction with 
the learning object (for exarnple, whether the learning object provides only textual 
material for reading or more interactive types of exercises (one participant). 
11.4. Summary ofthe analysis for study D 
Eleven students participated in the study. All participants were familiar users of the web. 
Participants had a wide range of information needs ranging from how they can use SPSS 
to how they can select books for girls and boys. The results revealed that participants 
used a wide variety of criteria when judging the relevance of learning objects. The Top 
20 most frequently used criteria were: Topic-subject, Learning resource type, Currency, 
Audience, Language, Depth, Authority, Cost, Type of mteractlvity, Scope, Relevance / 
Utility of data to the user, Relationship with other learning objects, Download time, 
Affectiveness, Specijicity, Quality, Structure, Format, Learning objectives and Assistive 
material. Many of these criteria were used in the metadata surrogate (preview and 
overview) more often rather than the learning object itself. However, the mapping 
between the relevance criteria and the metadata elements of the UK LOM Core 
application profile showed that some of the criteria were not explicitly covered by the 
contents of the UK LOM Core application profile, such as Tangibility of data, Depth, 
Downloading characteristics, Presentation of the contents of a learning object, AsslStive 
learning material, Learmng objectives and Quality. The analysis of the interviews 
confirmed these findings. Furthermore, the interviews showed a need to improve the 
content of the metadata surrogates. Some recommendations for improvements included 
the use of shorter, consistent and more comprehensive descriptions of the contents of a 
learning object, the inclusion of details about the author of a learning object, the use of 
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more precise semantics for the presentation of the audience and learning material type, as 
well as the inclusion of some new metadata elements (such as users' comments, learning 
objectives, information about the quality and the interactivity of a learning object). 
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Chapter 12 - Discussion 
This Chapter provides a discussion of the findings which were presented in Chapters 5, 7, 
9 and I!. It is structured as follows. In section 12.1 the discussion of the presentation 
factors that affect user interaction with metadata surrogates is presented (Font type and 
size, Colour and text contrast, Graphics, Sorting of metadata surrogates in the overview 
interface, Added functionality, Organisation of metadata elements in the surrogate, 
Structure, Highlighting and Amount of information & text length) These are discussed in 
the light of the findings of other studies in the usability of search result interfaces as well 
as human cognition and visual search behaviour in the web. Then, the content (semantics) 
of learning object metadata surrogates is discussed in section 12.2. Section 12.3 
highlights the impact of content and presentation on relevance judgment behaviour and 
the use of LORs and draws on existing literature on relevance judgment and cognitive 
science in order to achieve this. Finally, section 12.4. presents a summary of the 
discussion Chapter. 
12.1. The presentation factors of learning object metadata surrogates 
12.1.1. Font type and size 
The results suggest that participants preferred metadata surrogates to have large, clear, 
readable and visible text characters. For example, in Study A, that investigated user 
interaction With the three LORs (ARIADNE, JORUM and MERLOn, the participants 
preferred the readability and clarity of metadata elements of the MERLOT surrogate 
, 
rather than JORUM or ARIADNE. Although the three systems used Arial font type and 
9-10 pt font size, the MERLOT system made use of bold facing to represent the metadata 
labels and used a larger font size and boldfacing for the representation of the title of a 
learning object in the metadata surrogate preview interface. The metadata elements of the 
ARIADNE system were the most difficult to read when compared to the other two. 
ARIADNE did not apply boldfaced characters or larger font size for important metadata 
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elements such as in the case of the title of a learning <?bject. In addition, the low contrast 
between characters and background colour reduced the readability of text and thus user 
satisfaction decreased. Although the metadata surrogates in JORUM applied boldfaced 
characters at both the preview and overview level (and not only at the preview level like 
in the case of the MERLOT system), participants were less satisfied with JORUM when 
compared to MERLOT. This can be attributed to two factors: 
• the importance users attached to the visibility and clarity of presentation of the 
title of the learning object, and 
• the fact that participants spent more time in evaluating relevance at the preview 
rather than the overview level. 
This first factor can be confirmed by the interviews that followed the usability evaluation 
in Study A. In the interviews, some participants mentioned that they liked the use of 
boldfaced title in the metadata preview interface of the MERLOT system. This finding 
aligns with the results of previous studies that exarnined the usability of metadata 
surrogates, as well as research on human relevance judgment behaviour. In particular, 
Fraser and Gluck (1999) argued that metadata elements in GlS surrogates should be clear 
and visible for users to judge relevance. Research on relevance behaviour, both in IR 
systems and search engines, concludes that the title of an information object is an 
important element for users to judge relevance and it should be represented with clarity 
and viSIbility in mind (Wang and Soergel, 1998; Crystal and Greenberg, 2006). 
The second factor is related to the fact that metadata surrogates in search result overviews 
contained less information than the preview interfaces. Therefore, it can be suggested that 
the use of boldfaced and readable text was more important at the preview rather than the 
overview level. 
In addition, several other factors beyond boldfacing and the visibility of the title could 
have influenced users' perceptions of the readability of metadata information in the 
metadata preview interface of MERLOT, such as, the amount of metadata information, 
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the length of the surrogate as well as the colour and text contrast (these factors are 
discussed in more detail below). 
Finally, none of the participants in the interviews mentioned a need for control over the 
display of font type and size. Usability heuristics for web design recommend that users 
should be provided with the opportunity to control and alter the font type and size 
(Nielsen, 2002). The lack of user comments about this issue can be attributed to the 
homogeneous characteristics of the sample of this study (for example, university students 
with no visual impairment). In this case, it is possible that the font size (9- I Opt Arial) 
used by the systems under evaluation did not impede the readability of the text (Nielsen, 
2002; Ling and van Schaik, 2006). Nielsen (2002), however, suggests that a larger font 
size (12 pt and above) should be implemented in the case of older audiences. 
Alternatively, mechanisms for font size selection should be enabled in the case of 
visually impaired users (Nielsen, 2002). 
12.1.2. Colour and text contrast 
The results of Study A also revealed that participants were significantly more satisfied 
with the application of colour in the MERLOT interface (white background, black bold 
faced metadata elements, black characters and red hypertext) rather than JORUM (orange 
background, black bold faced metadata elements, black and blue text characters and blue 
colour for hyperlinks) or ARlADNE (blue background colour, light blue colour for 
metadata elements, black textual characters and blue hypertext). The results of the 
subjective satisfaction questionnaire showed that the ARIADNE interface was the least 
preferred by participants in the study in terms of colour application. This finding was 
confirmed by the interviews that followed the completion of the subjective satisfaction 
questionnaire of Study A. In the interviews, participants mentioned that they preferred the 
white background colour of MERLOT over the blue and orange background colours of 
the ARIADNE and JORUM interfaces respectively. In addition, they indicated that they 
liked the fact that the black textual characters of MERLOT contrasted well with the white 
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background. In the case of the JORUM and ARlADNE interfaces, the level of this 
contrast was lower. The level of contrast was the lowest in the ARIADNE system. In the 
case of the ARlADNE system eleven participants mentioned that the use of blue 
background colour slowed down their reading and therefore increased the time needed to 
evaluate the relevance of the results. 
These findings contradict with t,he results of a study conducted by Su (2003). Su reported 
that participants did not prefer the use of black and white colour as well as the use of very 
light colours. The difference between the two studies could be attributed to the use of 
different data collection techniques (for example, Su employed a quantitative analysis 
based on a questionnaire instrument only), the type of tasks performed (naturalistic in 
Su's study versus controlled tasks) as well as the context of the investigation (the 
evaluation of search engines rather than LORs). Both studies, however, recruited 
university students with no visual impairment. 
The findings of this research, however, are in accordance with experimental results of the 
impact of background colour and text contrast on users' visual search performance in the 
web. In particular, researchers have argued that in conditions where text contrasted well 
with the background colour (blue - yellow, red-green and black and white) the time 
needed for users to choose relevant web Imks and the amount of eye fixations decreased 
(Ojanpaa and Nasaren, 2003; Ling and Van Schaik, 2002). 
Except in the case of the background colour and the contrast between text and 
background, the present research also revealed that users preferred blue colour for the 
representation of hypertext. In particular, participants, in the interviews of Study A, liked 
the use of blue colour for hypertext in the case of the JORUM system but they disliked its 
use for non hypertext. For example, in the case of the JORUM system some metadata 
surrogates used blue font colour for non hypertext components (such as the text included 
< 
in the Description metadata element). Participants' responses in the study showed that the 
use of blue colour for the representation of text created false expectations or false alarms 
about its functionality. It appears that the use of blue colour for textual characters should 
296 
Chapter 12 Discussion 
be limited only to the case of hypertext. This is because the blue colour is widely used as 
a standard link colour in the web and web searchers have developed certain mental 
models about the role of the particular type of colour (Nielsen, 2002). In the case of the 
JORUM interface the use of blue colour for non hypertext confused many participants 
who perceived it as broken link. This finding aligns with the results of research in web 
navigation and visual searching as well as with usability heuristics. For example, Pearson 
and van Schaik (2003) concluded that designers should keep using blue as a standard link 
colour. They found that the use of blue links improved the time needed for participants to 
navigate across relevant links, decreased the number of errors and increased their 
satisfaction when compared to the use of other types of colour, such as red or green 
(pearson and van Schaik, 2003). Also, general usability heuristics on web design 
recommend the use of blue colour as a standard link colour (Nielsen, 2002). The results 
of the present research on metadata surrogates, however, go further by suggesting that the 
use of blue colour for non hypertext can create false expectations and result in confusion 
during user interaction with metadata surrogates. 
12.1.3. Graphics (use of thumbnails, quality indicators and hyperlinked icons) 
Although the three LORs used in Study A made limited use of graphics, factors such as 
thumbnails, quality indicators and hyperlinked icons had an impact on participants' 
performance, preferences and satisfaction during their interaction with learning object 
metadata surrogates. The results of the subjective satisfaction questionnaire of Study A 
revealed that participants were significantly more satisfied with the application of 
graphics in the MERLOT system rather than in the ARIADNE or JORUM. The 
MERLOT system made use of thumbnails in the metadata surrogate preview as well as a 
set of stars (up to five) that indicated the level of quality of a learning object. Some 
participants in the interviews indicated that they liked the graphical presentation of 
quality indicators. Although 'quality' constitutes an important criterion for relevance 
judgment (see Section 12.2) and several studies in the past have highlighted its 
importance for relevance judgment in the context of web searching (Rieh, 2001; Crystal 
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and Greenberg, 2006), there are no studies investigating the impact of graphical 
representations of quality indicators (for example, in the form of a graphical 
representation) on users' interaction. The results of the interviews that followed the 
, 
usability test of the three LORs in Study A revealed that some participants found this 
visual feature useful. 
Another interesting feature of the MERLOT system was the presence of thumbnails. 
Usually these represented a screenshot of a learning object's homepage. Only one 
participant in the interviews, however, liked the inclusion of screenshots. This can be 
attributed to the controlled nature of the usability test (fixed as opposed to real 
information needs) and the fact that participants could complete the assigned tasks 
without spending time in evaluating the thumbnails. For example, previous research on 
the usability of metadata surrogates in search result interfaces of search engines suggests 
that the use of a thumbnail in textual metadata surrogates can increase the speed and 
accuracy of users' relevance judgments (Dziadosz and Chadrasechar, 2002; Joho and 
Jose, 2006). They found that thumbnails were very useful for specific types of tasks, such 
as the topic distillation task that asked them to make relevance judgments based on the 
structure and layout of web-pages. Therefore, it is possible that in a naturalistic 
environment thumbnails could have been more useful for participants' relevance 
judgments. 
In the case of the JORUM interface, icons were applied extensively in order to present 
different functionaiIties, such as accessing the full text of a learning object or viewing the 
full details of the metadata surrogate. The findings of the performance data revealed that 
participants performed the tasks that involved the selection of the correct icon more 
slowly, such as in the case of Task 3 (access the full details of the metadata surrogate), 
Task 4 (access the learning object itself) and Task 5 (relevance judgment taSk). In 
addition, these were among the most error prone tasks because participants made more 
wrong guesses about which icons represented the correct function for the task at hand. 
These findings revealed a low level oflearnability of the interface The performance data 
were confirmed by the findings of the interviews where many participants indicated that 
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they were confused by the meaning and functionality of the icons used in JORUM. 
Participants also preferred the use of text rather than icons to represent the various 
functions of the surrogate, such as downloading the learning object and accessing the 
metadata surrogate preview. This finding is in accordance with results in human 
computer interaction and in particular with research investigating the impact of the 
quality and amount of icons on user visual search behaviour in the web. For example, 
Fleetwood and Byme (2006) concluded that there was an effect of the quality of icons on 
users' responses and eye fixations. The researchers found that as the quality of an icon 
increases, the response time decreases too. Furthermore, there is a debate about the use of 
graphics, such as icons for the representation of hyperlinks. For example, general 
usability heuristics suggest that text should be preferred for the indication of hyperlinks 
rather than images or icons (Nielsen, 2000), while theory on visual perception and 
cognition argues that icons can increase the efficiency of human information processing 
and minimise cognitive load when compared to text (Fleetwood and Byme, 2006). Based 
on the above, it is suggested that icons should present the function at hand clearly. In 
addition, each icon should be accompanied by a textual caption that describes its function 
or identity. 
In the present study, however, few participants indicated that repetition helped them 
familiarise themselves with the use and functionality of the icons in the JORUM 
interface. For example, Task 5 required participants to select icons that were chosen for 
the completion of Tasks 3 and 4 as well. In this case, participants performed fewer errors 
due to a leaming transfer effect from Tasks 3 and 4 to Task 5. The behavior of these 
participants can be justified by the fact that training and experience can have an impact 
on the formulation and reformulation of a user's mental model of a system (Marki et aI., 
2007; Westbrook, 2006). For example, Tzanidou et al (2005) identified an adaptation 
trend according to which users can easily adapt to websites with unexpected design 
features after repeated exposure. The amount of errors performed in Task 5, however, 
was still high suggesting that the icons used in JORUM search result interface were still 
difficult to learn for the majority of participants. 
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12.1.4. Sorting of metadata surrogates in overview interfaces 
Although the impact of the effectiveness of retrieval algorithms was out of the scope of 
this research, data about the sorting of the results retrieved were obtained from the 
usability evaluation of the three LORs (Study A). For example, the analysis of the 
subjective satisfaction questionnaire used in this study revealed that participants were 
significantly more satisfied with the user-friendliness, clarity, consistency and usefulness 
of the sorting of the retrieved results in the MERLOT system rather than ARIADNE or 
JORUM. This is not surprising given the fact that only the MERLOT interface provided 
participants with information about the way the results were sorted (for example, by 
relevance, date or author). In addition, only the MERLOT system provided information 
about the total number of results retrieved as well as the number of results displayed per 
page. This finding aligns with the results of previous studies. For example, Su (2003) and 
Shreeves and Kirkham (2004) reported that participants preferred the organisation of 
search results to be consistent and based on the relevance of the retrieved documents to 
the users' query. In addition, users should be in control of how metadata surrogates were 
sorted. Thus, mechanisms for sorting results (such as by title, relevance or type of 
material) should be provided to the user (Su, 2003; Kim, 2006). Although this thesis did 
not cover the effects of sorting on users' relevance judgment behaviour, this has been 
extensively researched in several studies that have been summarised in Chapter 2. 
12.1.5. Display of author-generated abstract I snippet I summary 
Although the effects of the presentation of a description I abstract has been investigated 
in a series of experiments (see Section 2.3.5), these referred to auto-generated snippets of 
text in' prototype IR systems and search engines. The three LORs included in the usability 
test, however, included static, author-generated descriptions of the contents of leaming 
objects. Research that investigated auto-generated snippets of text in search result 
interfaces concluded that users performed the tasks faster and were significantly more 
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satisfied with metadata surrogates that included top ranking sentences, abstracts/snippets 
with contextual sentences and query terms highlighted in the text (e.g. Joho and Jose, 
2006; 2008; Drori 2002; 2003), the present research was focused on author-generated 
abstracts but provided some similar conclusions. 
The results of the research showed that the Description! Abstract metadata element was 
among the most useful elements for users to judge the relevance of a learning object. This 
was indicated by participants in the study that investigated the usability of the three LORs 
(Study A), by respondents in the survey that measured students' perceptions of the 
importance of learning object metadata elements of LOM (Study C) as well as by 
participants in the relevance judgment behaviour study (Study D). The importance of an 
abstract or description for relevance judgment has been indicated by many researchers in 
the field (see for example, Marcus et aI., 1978; Crystal and Greenberg, 2006; Wang and 
Soergel, 1998)48. In the case of the first study, the satisfaction questionnaire showed that 
participants were more satisfied with the presentation of an abstract in the MERLOT 
system rather than ARIADNE or JORUM. The abstract presented in the MERLOT 
system was perceived as more readable, clear, useful and rich than the other two systems. 
In particular, participants were satisfied with the readability of the text in the 
abstract/description of the MERLOT system. As mentioned previously, text in MERLOT 
surrogates was presented with black colour which contrasted well with the white 
background colour. Although the contents of the description / abstract element in 
MERLOT were not structured, they included useful information that helped participants 
judge relevance across several criteria beyond topicality (see Section 11.2). In addition, 
the clarity of the description in MERLOT made surrogates easier for participants to 
understand than the descriptions contained in JORUM and ARIADNE. Finally, the 
Description metadata element of the MERLOT system was richer and detailed in 
information when compared to the DescriptIOn metadata elements of ARlADNE and 
JORUM interface. A more detailed description of the contents of the Description / 
Abstract metadata elements is provided in Section 12.2. 
48 See Section 5 2 for a more detailed diSCUSSion of the abstract! deSCription metadata element 
for relevance Judgment 
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12.1.6. Added functionality 
Study A revealed some useful data about the use of added functionality. For example, 
participants preferred the use of hyperIinks in the case of the MERLOT system rather 
than JORUM or ARIADNE system. This was supported both by the results of the 
analysis of the subjective satisfaction questionnaire and the follow up interviews. 
MERLOT made a richer use ofhyperlinks that provided users the opportunity to navigate 
from a metadata surrogate to other related metadata surrogates (Browse in categories) or 
to read users' comments and reviews about the quality or use of the learning object. 
Previous studies have suggested the use of hyperlinks as a means of linking related 
metadata surrogates (Clari<, 2004). 
Although the JORUM system made a similar use of hyperlinks, participants found them 
less useful than MERLOT. This could be attributed to the use of hyperlinked icons 
instead of hypertext to access the full text of a learning object or the use of blue colour 
for non hypertext. Participants in the interviews indicated that they did not like the fact 
that access to the learning object was not provided from within the metadata surrogate 
preview interface. Instead participants had to return to the search result overview 
interface in order to select the correct hyperlinked icon for downloading. Other 
researchers have proposed that access to the full text document or information object 
itself should be easy and visible (Clark, 2004). 
ARIADNE was less interactive than the others and made minimum use ofhyperlinks (for 
example, hyperlink use was limited to downloading the learning object and exporting the 
LOM surrogate in XML format). 
Apart from the use of hyperlinks, the results of the interviews in Study A also revealed 
that participants liked the fact that the MERLOT system provided them with the 
opportunity to email the full details of the metadata surrogates. Participants, however, 
302 
Chapter 12 - Discussion 
indicated that they would also like to be able to print or save both the surrogates in the 
metadata overview and preview interface. These functionalities were not present in the 
systems under evaluation. The findings are in accordance with another study by Clark 
(2004) in the context ofIR systems who suggested the use of added functionality, such as 
saving, printing or emailing the metadata surrogate (Clark, 2004). 
12.1.7. Sorting - positioning of metadata elements in the surrogate 
The sorting of metadata elements refers to the order of presentation of individual 
elements in the metadata surrogate. The results of this study revealed that participants 
preferred the positioning of important metadata elements at the top of the surrogate. For 
example, in the interviews that followed the usability evaluation of the three LORs 
(Study A), participants indicated that in the case of JORUM content related metadata 
(such as the Title, Description, Keywords and Classification) as well as the Technical and 
Educational metadata should precede other types of metadata elements such as meta-
metadata, Annotation, Rights or Relation. Some participants criticised the fact that 
information about the classification, educational and technical characteristics of a 
learning object was positioned towards the bottom of the interface. This finding is similar 
to the results of other studies. For example, Wang and Soergel (1998) and Fraser and 
Gluck (1999) suggested that metadata elements should be sorted according to their 
importance. Furthermore, other researchers who were focused on the design of menus in 
computer systems and the web suggested the grouping of items by their frequency of use 
or their importance (Shneiderman and Plaisant, 2004; Liu et aI., 2002). 
Also, the results of the study that investigated students' relevance judgment behaviour 
(Study D) revealed that participants applied more frequently the relevance criterion of 
topicality as well as criteria about the educational and technical characteristics of a 
resource, rather than criteria about the authorship or rights of use of a learning object (see 
Table 11.1). Therefore it seems appropriate to suggest that metadata elements about the 
topic, educational and technical characteristics of a resource should precede other types 
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of metadata elements. This finding extends the results of a previous study by Fraser and 
Gluck in the context of GlS. In this study, the researchers found that elements providing 
access or arranging access to the resource (such as technical and rights metadata) should 
follow content related metadata, such as the title, abstract, subject tenns and I or 
keywords. This finding aligns with the results of the subjective satisfaction questionnaire 
that followed the task testing of the three LORs (Study A). The results showed that 
participants found the sorting of metadata elements to be more friendly, clear, consistent 
and useful in the case of the MERLOT system, rather than JORUM or ARIADNE. This 
happened because many important metadata elements about the content, educational and 
. 
technical characteristics ofa learning object were displayed at the top of the screen of the 
MERLOT system. The other two systems, however, presented these elements at various 
places in the metadata surrogate preview interface. For example, the ARIADNE interface 
presented first some General metadata about the content and the author of the resource 
followed by the educational, technical and meta-metadata. The sorting of metadata 
elements and categories in JORUM was the least user-frienfly. In this case many 
important elements from the educational, technical and classification metadata categories 
followed other less important infonnation, such as Life-Cycle and Meta-metadata. 
It is worth mentioning, however, that in the case of the MERLOT metadata preview 
interface, some important metadata elements, such as the Description and the Keywords 
(Browse in categories) were not displayed at the top of the screen. At a first glance this 
seems to violate the importance principle since the Description and Keyword metadata 
infonnation should be included in the section with the most important elements for 
judging relevance (Wang and Soergel, 1998; Crystal and Greenberg, 2006). It should be 
noted, however, that the metadata surrogate preview interface of MERLOT included all 
metadata infonnation within a single screen without requiring users to scroll down a long 
list of elements. Therefore, it can be assumed that the effect of sorting was less important 
or evident in the case of surrogates that contained a small amount of metadata elements 
within a single screen (for example, like in the case of the MERLOT system) or in the 
case of the overview search result interface that presented only a small amount of 
metadata elements. 
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Finally, none of the participants in the study suggested a need for alphabetical sorting of 
metadata elements in the surrogate. As Mechlenbacher et al (1989) suggested in the 
context of computer menu design, the alphabetical organisation of items could better 
support direct search conditions (for example, the name of the item or metadata element 
is already known to the user). In the case of the metadata elements, it appears that a 
mixed organisation of metadata elements, for example based on their semantic relation 
and importance (frequency of use for relevance judgment), suited participants' 
preferences better. 
12.1.8. The structure of metadata surrogates 
The results of this study revealed that structure had an effect on the time needed for users 
to judge relevance as well as on user satisfaction. In particular, linear long lists with no 
evidence of the organisation of the metadata elements in the list were less time efficient 
and satisfying. This finding was confirmed both by the experiment that investigated the 
impact of structure, highlighting and amount of information (Study B), as well as by the 
, 
results of the usability evaluation of the three LORs (Study A). In the latter case, 
participants disliked the long metadata surrogate preview interface of the JORUM 
system. This interface required a lot of scrolling down and participants spent more time 
while reading the details and evaluating the relevance of the surrogate in JORUM rather 
than MERLOT and ARIADNE (for example, this was the case for Task 3: "access the 
surrogate and read its full details", Task 4: "access - download the learning object itself" 
and Task 5: "relevance judgment task"). The low usability of the structure of the 
metadata surrogates in JORUM was confirmed also by the results of the satisfaction 
questionnaire and participants' responses in the follow up interviews. The results of 
Study B also revealed that participants performed better and were more satisfied with the 
clustered and linear with categories interfaces rather than the linear interface. This 
finding shows that the former interfaces made explicit the presence of a structure for the 
organisation of metadata elements in groups. This was not evident, at least at a perceptual 
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level, in the case of the interfaces that presented a list of metadata elements with no 
indication of their organisation. 
Participants in both studies were more satisfied and performed better when the structure 
of the metadata surrogate included several characteristics of visual conspicuity, such as 
the grouping of elements into semantic categories, use of clear labels for each group or 
category, lined up presentation of each group or hierarchical categorisation of the 
contents of the surrogate. Categorisation or grouping is an important function of human 
mind and it is vital in the processing of information. The principles of cognitive economy 
and perceived world structure have been used for a long time in psychology to indicate 
two complementary functions of the human mind for organisation and categorisation 
tasks (Rosch and Lloyd, 1978). Cognitive economy involves the aggregation of similar 
entities into groups but also the differentiation of these entities from the entities included 
in other groups. The principle of world structure is based on the human perceptual ability 
to identify structure in physical [or digital] materials (Rosch and LIoyd, 1978). In the 
interviews that followed the usability evaluation of the three LORs (Study A), 
participants preferred the organisation of metadata information into semantically similar 
groups or clusters. This categorisation served the need for identifying similar information 
in the group but also for differentiating metadata included in other groups. For example, 
in the case of the MERLOT system a participant found that it was confusing to have 
metadata elements that were not similar in nature (such as the Primary audience and 
Rights) included in the same section. In this case the participant expected the Primary 
audience and the Cost to be included in separate categories, perhaps the one dealing with 
educational characteristics of learning objects, while the other with the legal use of the 
learning object. Of course other categories could rise as indicated above, such as the 
division between important and less important metadata elements. These types of 
categorisation have been proposed by researchers in human computer interaction and 
menu design research who have argued that items should be grouped either in terms of 
semantic similarity, importance or frequency of use (Mehlenbacher et aI, 1989; 
Shneiderman and Plaisant, 2004; Liu et aI., 2002). 
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Besides the grouping and organisation of items, the use of clear labels influenced users' 
visual search behaviour during the relevance judgment process. For example, the analysis 
of the interviews that followed the usability evaluation of the three LORs (Study A) 
revealed that participants relied on the group labels in order to judge whether each group 
of metadata elements included useful information to evaluate relevance. This finding 
aligns with the systematic visual search process in human computer interaction (Hornof, 
2004). During the systematic search process the user follows a top bottom and then a left 
to right search strategy (Hornof, 2004). In the case of labelled hierarchical groups of 
metadata elements (as in the case of the ARIADNE or JORUM) this strategy becomes 
more complex and involves a two-phase process. The user first inspects the labels -
categories of each group of metadata elements in the surrogate and then selects the target 
label- category in order to view its contents. 
Effects of length on structure 
A discrepancy, however, was observed between performance and satisfaction data in the 
case of the clustered interface used in Study B. Although this interface combined several 
user recommendations, such as the display of elements in a single screen (no scrolling 
down), grouping of elements into semantic categories and use of labels to annotate the 
contents of these categories, participants did not perform significantly better than with the 
Linear interface or the Linear with categories interface (Chapter 7). However, it was 
perceived to be more satisfying, stimulating, easier to use and well presented than the 
other two types of interfaces. The difference between the performance and satisfaction 
data could be attributed to the length of the linear interface condition, and especially the 
fact that it required a moderate level of scrolling down. This could have an impact on user 
performance and perhaps statistically significant differences could be observed if longer 
surrogates had been designed and compared to the clustered format. This assumption can 
be supported empirically by the data collected from the usability evaluation of the three 
LORs in Study A. Although both JORUM and ARIADNE applied a similar structure to 
present metadata at the preview interface (for example hierarchically organised categories 
of metadata elements, annotated with category labels), the long length of the JORUM 
metadata surrogate preview interface resulted in more time and decreased satisfaction 
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when compared to the ARIADNE system. In addition, although participants were 
significantly more satisfied with the user-friendliness and clarity of the structure of 
metadata surrogates in ARIADNE, they performed better in the case of MERLOT, that 
employed a less rigid and consistent structure to present elements than ARIADNE which 
required scrolling down. It can be suggested, therefore, that the effects of structure can be 
more important in the case of longer rather than shorter metadata surrogates. 
In addition, another factor for this discrepancy could be attnbuted to the selection of the 
labels that represented the clusters or categories in the labelled interfaces of the 
experimental conditions of Study B. For example, two participants in this study criticised 
the categorisation of metadata elements into the three categories as meaningless. The 
importance of selecting appropriate semantics has been investigated by researchers in 
Information scent and Information foraging theory (pirolli, 2007). These researchers have 
found that the use of clear and easy to understand semantics can significantly reduce the 
time needed by users to select relevant links or items in the web. Therefore, research 
should investigate further, how metadata elements should be categorised in clustered 
metadata surrogates and whether the a priori categorisation of metadata elements as 
General, Educational, and Technical [used by this study] should change in order to be 
better aligned with users' mental models. 
Task effects on the structure ofmetadata surrogates 
In Study B that examined user interaction with the META-LOR 2, participants' 
interaction was measured against a set of fixed tasks of varying degrees of complexity 
(e.g. from Iow to high complexity). Although participants needed more time to perform 
the high complexity tasks rather than the Iow complexity tasks, the results did not show a 
significant impact of the interaction between the level of task complexity and type of 
structure on user performance and satisfaction. In the case of both Iow and high 
complexity tasks participants performed faster using the interfaces that employed some 
type of organisation (for example, Clustered and Lmear with categories surrogates) when 
compared to the Linear interface. 
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12.1.9. Highlighting 
The application of the highlighting of key terms or query terms in metadata surrogates 
improved the efficiency of the relevance judgment process (for example, highlighting 
decreased the time needed by participants to evaluate the relevance of the results 
retrieved) and improved participants' satisfaction. This was evident in the case of the 
experiment that investigated user interaction with eight highlighted and non-highlighted 
interfaces of metadata surrogates (Study B). This study confirmed the hypothesis that 
highlighting can improve user performance and satisfaction during relevance judgment. 
The results of the investigation of highlighting of query terms in the context of web 
search engines were similar (Drori, 2000; 2003). This finding is not surprising given the 
fact that human perceptual attention is influenced by the form and presentation of stimuli 
or items in the environment (Sternberg, 2003). When presented with the search result 
interface users immediately payed attention to the highlighted (with yellow colour) terms 
of the surrogates rather than the other non highlighted information. 
The findings of the subjective satisfaction questionnaire and the interviews employed in 
Study A, that investigated the usability of the three LORs (ARIADNE, MERLOT and 
JORUM), were similar. Although none of these systems applied highlighting of query 
terms, as stated previously, participants preferred the MERLOT system because it applied 
bold facing and larger font size for key metadata elements, such as the Title. This was 
also suggested by other researchers who investigated user interaction with metadata 
surrogates in search result interfaces of various types of IR systems, such as Fraser and 
Gluck (1999) Su (2003) and Wang and Soergel (1998). In particular, they suggested that 
key metadata elements (such as the Title and Abstract) should be highlighted for 
visibility. 
Although the results in Study B suggest that participants performed the tasks faster, made 
more accurate relevance judgments and were more satisfied when highlighting was 
applied, the research design was based on a set of fixed tasks of varying degrees of 
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complexity. As in the case of structure, the performance and satisfaction data suggest that 
there was no effect of task type on user interaction. In particular, participants performed 
both the low and high complexity tasks faster and made more accurate relevance 
judgments using the highlighted rather than the non highlighted interfaces. However, 
participants needed more time to complete the high complexity task rather than the low 
complexity tasks. This reveals that the larger the amount of metadata elements 
participants had to check against a set of relevance criteria, the higher the amount of time 
needed to complete the tasks. 
12.1.10. Amount of information and length of the metadata surrogate 
The amount ofinformation in the metadata surrogate had an effect on users' performance 
and satisfaction. For example, in the usability experiment that investigated user 
interaction with the eight interfaces of the META-LOR 2 prototype (Study B), 
participants performed the tasks faster, made more accurate relevance judgments and 
were more satisfied with the interface that presented only metadata elements that were 
relevant to users' queries or tasks at hand. This finding can be supported by the results of 
the usability evaluation of the three LORs (Study A). In this case, the results of the time 
data for Task 5 (relevance judgment task) showed that participants performed the task 
faster using the MERLOT system. This system provided fewer metadata elements per 
surrogates at the preview level when compared to the ARIADNE and JORUM systems. 
Similarly, most participants indicated that they were more satisfied with the amount of 
information contained in the MERLOT system. They were, however, significantly less 
satisfied with the JORUM system that included a long list of metadata elements and 
required a lot of scrolling down. 
Although these findings suggest that metadata surrogates with fewer metadata elements 
can increase the efficiency of relevance judgment as well as user satisfaction, the results 
of the relevance judgment behaviour research (Study D) showed that participants judged 
the relevance of a learning object using a large number of relevance criteria that can be 
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mapped to several metadata elements. For example, as it is shown in Table 11.4. (see 
Chapter 11) most of the relevance criteria users applied to judge the relevance of a 
learning object were not presented in the surrogate of the MERLOT system. Participants 
in the relevance judgment behaviour study (Study D) indicated also that more metadata 
elements should be included in the surrogates of the MERLOT system (see Section 12.2 
for a detailed discussion of content). The differences between these studies can be 
attributed to the nature of the tasks involved (fixed tasks versus real user information 
needs). For example, in the usability evaluation of the three LORs and the META-LOR 2 
experiment participants had to perform a set of fixed tasks. These were Task 5 (relevance 
judgment task) in the usability evaluation of the three LORs (Study A) as well as the two 
tasks performed in the experiment that investigated user interaction with the eight 
interfaces of the META-LOR 2 prototype (Study B). These were 'subject search tasks' 
(Large et ai., 2001). Therefore, participants had to match or evaluate the relevance of a 
surrogate against the criteria specified in the simulated task at hand (such as AudIence, 
Topicality and Format). The presence of information in the surrogate that matched the 
relevance criteria triggered by the task at hand indicated the presence of relevant content. 
The absence of a complete match between metadata elements and relevance criteria 
indicated the lack of relevance. Although this type of task did not simulate real 
information needs, it provided a valid way for comparing users' performance and 
satisfaction against the set of interfaces under evaluation eliminating factors that could 
have an impact on the data collection such as task differences. Since these tasks did not 
involve real user needs, however, the users' level ofuncertainity or their anomalous state 
of knowledge remained at a low level and the completion of each task was based on the 
match between the information provided in the surrogate and users' criteria for relevance 
judgment as they were reflected in the given task or query. The findings of other studies 
that employed fixed tasks and known item tasks for the investigation of the impact of 
different types of search result interfaces and metadata surrogates on search result 
interfaces have been similar (see for example, Paek et ai., 2004; Drori, 2000; 2003; 
Sebrechts et ai., 1999). These studies revealed that participants performed the tasks faster 
and were more satisfied with shorter metadata surrogates and search result interfaces. In 
311 
Chapter 12 Discussion 
addition, the selection of fixed tasks, as opposed to naturalistic ones, decreased the 
heterogeneity between participants and therefore the risk of Type I or Type II errors. 
The findings of the relevance judgment behaviour research (Study D) were based on a 
more naturalistic research design that employed user-defined tasks. The results of the 
analysis revealed that many relevance criteria that users employed were not represented 
in the form of metadata elements in the MERLOT interface. In addition, most participants 
were interested in reading information that covered several aspects of the contents, 
characteristics and use of a learning object, such as content, quality, education and 
technical characteristics of a learning object. These findings are in accordance with the 
results of other studies in user-centred relevance behaviour research that employed a 
naturalistic or mixed (controlled and naturalistic) research design approach. These studies 
revealed that participants employed several criteria to judge the relevance of learning 
objects and recommended the need for more and new types of metadata elements in order 
to cover the multi-dimensional nature of human relevance judgment behaviour (see 
Crystal and Greenherg, 2006; Small et aI., 1998; Wang and Soergel, 1998; Barry, 1994). 
The multi-dimensional nature of relevance behaviour can be attributed to several factors 
that can be present in a naturalistic setting, such as the anomalous state of users' 
knowledge (that transforms the users' initial information need and therefore the need for 
more or different metadata elements to judge relevance), the purpose of the evaluation 
(for example, relevance assessment for the identification of relevant information or the 
identification of new concepts for query modification and relevance feedback) (Johnson, 
2007) or the fact that the criteria users employ to search for an object can differ from the 
criteria applied when jUdging the relevance of the result output or the object itself 
(Ruthven, 2005; Tang and Solomon, 2001; Crystal and Greenberg, 2006). Also, other 
factors, such as serendipity (Foster and Ford, 2003), support the need for rich, in terms of 
content, metadata surrogates. In the case of serendipity richer metadata surrogates can 
facilitate the identification of relevant objects in unexpected situations. Therefore, these 
examples support the assumption that metadata surrogates with a rich amount of metadata 
elements could support purposive and exploratory searching and browsing situations in a 
more naturalistic environment. 
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Summarising, it appears that the amount of information in a surrogate is related to the 
type of task (i.e. controlled or naturalistic). The results of Studies A and B showed that 
metadata surrogates with a small amount of metadata can meet the needs of fixed or 
controlled tasks better. In the case of less defined and naturalistic tasks,' however, 
metadata surrogates should include a large amount of information. In the latter case the 
design of rich, in terms of content, metadata surrogates can support several functions, 
such as relevance judgment, query modification or even serendipity: 
12.2. The content oflearning object metadata surrogates 
12.2.1. Metadata elements and relevance criteria 
The findings of the relevance behaviour research in Study D revealed that participants 
judged the relevance of learning objects based on several criteria beyond the criterion of 
topicality (see Table II.I). Table 12.1 provides a summary of the relevance criteria and 
metadata elements that participants in both the 'survey of metadata element importance' 
(Study C) and 'the relevance behaviour study' (Study D) found useful for judging the 
relevance oflearning objects. 
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Table 12.1. Summary of metadata elements & relevance critena 
Important I FrequenUy used L ... Important I Not frequenUy 
Costs, Summary, Keywords, TItle, 
Language, Learnmg Resource Type, Date, 
Audience, Difficulty, InteractlVlty, Coverage 
(Llkert score> 4 5) 
Relevance criteria (TOPIC, Learning 
resource type, Currency, Audience, 
Language, Depth, Authonty, Cost, Type of 
mteractlVlty, Scope, Utility, Relationship, 
Downloadmg, Affectlveness, Speclficlty, 
Quality, Structure, Format, Learning 
obJective, ASslstlve learning matenal) 
used 
Location, Format, Structure, 
Author, Installation, Copynght, 
Learning time, Relation, Technical 
reqUirements, Tutor's comments, 
Version, Size (lIkert score < 4 5) 
Relevance criteria (Version, 
Venficatlon, Expectations, 
Famlliansatlon With the resource, 
Background knowledge, URL 
domam, Reputation of the 
resource, Affiliation of the author, 
Difficulty, Aesthetic appeal of the 
resource, Clanty of Visual 
information, Copynght restnctlons, 
Availability, Duration of the 
learning matenal, Special 
requIsites, Completeness, 
References to other resources, 
Amount of data, Type of data) 
Many other researchers who investigated relevance behaviour in different contexts (such 
as scholar databases, weather information and the WWW) have reached similar 
conclusions (Crystal and Greenberg, 2006; Tang and Solomon, 2001; Barry and 
Schamber, 1998; Barry, 1994). This research provides evidence of a basic pattern of 
relevance criteria that are used consistently for the evaluation of various types of content 
that is held in different types of IR systems (Barry and Schamber, 1998). For example, 
many of the criteria users employed to judge relevance were identified by other 
researchers in the past (for example, see Table 2.3). This is the case for many frequently 
used relevance criteria such as: Topic-subject, Currency I Recency, Depth, Authority, 
Cost (Availability of Information), Type of Interactivity, Scope, RelevancelUtlllty of data 
to the user, Affectlveness, Specijiclty, Quality and Structure. The findings of this study, 
however, also suggest that users employed criteria that were related to a particular 
information seeking and searching context. For example, participants in this study tended 
to use several criteria that were specific to learning objects frequently, such as: Learning 
resource type, Audience, Supportive I Assistlve learning material, Learning objectives 
and Download time and Characteristics. Other criteria less frequently used were: the 
Amount of data, References, Duration of the learning material and Difficulty. The 
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presence of context specific relevance criteria has been identified by other researchers as 
well. For example, Barry and Schamber (1998) found that users of weather information 
were also interested in judging the relevance of a document based on its geographic 
proximity/location, interactivity and permanence of information while in the academic 
environment users valued criteria related to time, consensus within the field and 
relationship with the author. In more recent studies, Song and Marchionini (2007) found 
that users of video material employed many visual relevance criteria such as 
cinematography, object elements, motion, style, colour, sound and emotion. Therefore, 
the development of a metadata application profile should also take into account the 
context-specific relevance criteria. In the case of the present study the mapping between 
metadata elements and relevance criteria showed that many of the context-specific 
relevance criteria have not been included in the form of metadata elements in the UK 
LOM Core application profile (see Table 11.6). 
While the investigation of participants' relevance judgment behaviour provided some 
useful results about user defined relevance criteria for learning objects, the survey on 
users' perceptions of the importance of learning object metadata was focused on specific 
metadata elements already included in the UK LOM Core application profile. The results 
of the survey revealed that participants preferred content related and educational metadata 
, 
elements as well as metadata elements about the date and the language of a learning 
object (see Table 9.3) as opposed to technical metadata elements or metadata elements 
about the version of the learning object. In particular, participants perceived important the 
use of the Title, Summary (Description) and Keyword metadata elements when judging 
the relevance of a learning object according to its topical - subject relatedness. This is in 
accordance with the results of other studies that showed that different types of 
participants (including academics, undergraduate and postgraduate students or health 
information consumers) perceived the Description, Title and Keywords to be the most 
useful metadata elements for judging relevance in OPACs, scholar IR systems and 
WWW search engines (Crystal and Greenberg, 2006; Wang and Soergel, 1998). These 
metadata elements were also perceived to be among the most useful elements by K-12 
teachers (Small et aI., 1998) university teachers and higher education students (plodzien 
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et aI., 2006; Liddy, et aI., 2003). This finding was also supported by participants' 
responses in Study A. During the interviews that followed the usability tests of the three 
LORs many participants indicated that they found useful the Title, Description, Keywords 
and Browse in categories49 for jUdging relevance. These metadata elements are related to 
the criterion of topicality which was the most frequently used criterion for relevance 
judgment. 
In Study C, the survey also revealed that participants perceived some educational 
metadata to be among the most important metadata elements for jUdging the relevance of 
learning objects. These were the Interactivity (includes both level and type )50, Learning 
resource type, Difficulty and Audience. These metadata elements had a mean Likert score 
greater than 4.7 and differed significantly from the median (=4.49). The same educational 
metadata elements were identified as highly useful for searching and evaluating learning 
objects in different contexts. For example, the Search LT evaluation report (2002) 
showed that academics in an engineering discipline found the use of the Learning 
resource type and Audience metadata elements of LOM to be among the most useful 
elements. In another study, Small et all (1998) found that K-12 teachers tended to value 
the same elements in the case of the GEM metadata schema. These were: the Material 
type (=Leaming Resource Type), Audience and Prerequisite knowledge (= Difficulty). 
Therefore, these metadata elements seem to be useful both for university students, 
academics and K-12 teachers. Furthermore, these metadata elements can be mapped 
directly to specific user-defined relevance criteria. For example, the criterion of Learning 
resource type can be mapped to the Learning resource type metadata element, the 
49 Browse in categories are perceived to be equal to the keyword metadata element of LOM ThiS 
element included a hierarchy of subject terms that deSCribed the main tOPIC of learning objects In 
MERLOT 
50 The Interactlvlty Type and Interactlvlty Level elements were Included Into a Single questionnaire 
Item The reason for combining these two elements In a Single question was related to the fact 
that participants In the pilot study perceIVed both elements to be related The connection between 
these two elements IS also supported by the LOM standard In particular, the value of the 
Interactlvlty type can Influence the value of the InteractlVlty level For example, a learning object 
that IS 'ExpoSItive' In terms of Interactlvlty type It IS characterised by 'High" InteractlVlty level 
Therefore In the questionnaire. the InteractlVlty refers both to the type and level of InteractlVlty of a 
learning object A Similar assumption about the relationship between the values of the two 
elements IS also made by the JORUM community (Balred 2006) In particular, based on this 
relationship between the two metadata elements new rules for the automatic assignment of 
values In the leamlng object metadata records In JORUM can be produced. 
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criterion of Audience can be mapped to the Audience metadata elementS I , the criterion of 
Type of interactivity can be related to the interactlVlty Type and interactivity Level 
metadata elements, and finally, the criterion of Difficulty corresponds to the Difficulty 
metadata element. It is worth mentioning, however, that although the Type of 
interactivity, Learning resource type and Audience were among the most frequently used 
relevance criteria this is not the case for the Difficulty criterion which was among the 
least frequently used criteria. This contrasts with participants' perceptions about the 
importance of the Difficulty metadata element which received a relatively high Likert 
score in the survey (Study C). For example, the Difficulty criterion was mentioned by one 
participant only in the relevance behaviour research. This inconsistency, however, can be 
attributed to the fact that the majority of participants in Study D had a moderate amount 
of knowledge about their information need (Section 11.1). This could have an impact on 
their relevance judgment behaviour regarding the difficulty of the leaming object. In this 
, 
manner participants could be less selective and more open to learning objects that varied 
in terms of difficulty. Another factor that could have influenced participants relevance 
judgment behaviour in Study D could be related to the absence of an explicit Difficulty 
metadata element from the learning object metadata surrogate of the MERLOT search 
result interface. For example, in the case of user interaction with the JORUM interface 
(Study A) where the Difficulty metadata was presented in the learning object metadata 
surrogate many participants found it useful to judge the relevance of a learning object. 
Other metadata elements that participants in the survey perceived to be among the most 
useful were the Date, Language and Cost. These metadata elements were defined as 
useful in other studies investigating the interaction of K-12 teachers and academics with 
LORs (Small et aI., 1998; Search LT evaluation report, 2002). In addition, these elements 
were mapped to the criteria of Recency / Currency, Cost (Availability) and Language that 
were among the criteria that users employed more frequently to judge the relevance of 
leaming objects in the MERLOT system (see Figure ILl). 
51 It IS worth mentioning that the Audience metadata element used In Study C represented three 
metadata elements of the UK LOM Core application profile Intended end user role, Context and 
TYPical age range 
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12.2.2. Metadata elements and relevance criteria of moderate and least importance 
Metadata elements that participants in this study perceived to be of moderate importance, 
were: the Location (identifier), Format, Tutor's comments, Author, Installation and 
Copyright. The Likert scores for these metadata elements ranged between 4.49 and 4.23 
and did not differ from the median52• Only the Format element had a corresponding 
relevance criterion among the Top-20 most frequently used criteria. Although the 
Location and Copyright metadata elements had corresponding relevance criteria (URL 
domain and CopYright restrictions) these were among the least frequently used criteria 
(Table 11.1). Furthermore, the Author Installation and Tutor's comments metadata 
elements did not have any corresponding criteria. 
The remaining metadata elements (Relation, Typical learning time, Technical 
requirements, Structure, Version and Size) were considered to be the least useful 
metadata elements. Based on the Wilcoxon tests these metadata elements were 
significantly less important than the LocatIOn metadata element (Le. the median). These 
metadata elements except for the Relation and Structure, had no corresponding relevance 
criteria (this is the case for the Learning time, and Size), or their corresponding relevance 
cnteria had been marginally used (this is the case for the Techmcal requirements and 
Version metadata elements). Although the Relation and Structure metadata elements were 
among the least important metadata elements, their corresponding relevance critena 
(Relation and Structure) were among the frequently used relevance criteria. It is assumed 
that these metadata elements were frequently used in the relevance judgment process but 
they were less important when applied in association with other relevance criteria. 
52 The median Llkert score was 4 49 (of a 7-pomt scale) ThiS value corresponds to the "Location" 
metadata element. According to the Wilcoxon tests, there were no Significant differences between 
the Location metadata element (Llkert score=4 49) and the metadata elements with a Llkert score 
between 4 48 and 4 23. These were Location = 4 49, Format= 4 48, Tutor's comments = 4 31, 
Author = 4 30, Installation = 4 27 and COPYright = 4 23 
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12.2.3. New Metadata elements and relevance criteria 
Participants proposed some new metadata elements for inclusion in the metadata 
surrogate. Some of these elements were explicitly suggested by participants during the 
interviews of Study D (Section 11.5), while others were implicitly identified in the form 
of new relevance criteria (Table 11.7). New metadata elements proposed by participants 
were: 
• comments about how other learners have used the learning object; 
• the learning objective of a learning object; 
• the number of individuals that have accessed the metadata surrogate or the 
learning object and what other ~earning objects they have used; 
• the time it takes to download a learning object; 
• indication of the availability oflinks. 
Only few of these new metadata elements have also been proposed by other researchers 
in different contexts. For example, Liddy et al (2003) in a study that involved science 
teachers identified a need to add comments about how other people have used the 
learning object when interacting with GEM-based metadata surrogates (GEM is an 
application profile of Dublin Core). The inclusion of a learning objective has been 
suggested by Qin and Godby (2003) as well. Their suggestion, however, was not based 
on a user study but on a comparison between four different metadata schemas for 
learning objects. A learning objective is an important component of a learning object 
(Balatsoukas et a\., 2008) and represents a shift towards the creation and use of 
pedagogically robust resources for learning and teaching. Information about the 
download time and the indication of the availability of links is related to the concept of 
'just in time' and learner-centric learning (Morrison, 2003). For example, a learning 
object that takes a lot of time to download or the inability to access a learning object due 
to the phenomenon of broken links can have an impact on users' information seeking and 
learning experiences. Finally, recommendation systems that provide information about 
the number of users that purchased a particular product as well as what other products 
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these users have purchased create new expectations for the users of the web and in 
particular for learners. In the academic sector some university libraries already implement 
recommendation systems as a means for enhancing the presentation of results in the 
search result interfaces of library OPACs and facilitating users' relevance judgment 
process (Monnich and Spiering, 2008). 
These proposed metadata elements are not included in widely implemented learning 
object metadata standards (for example, DC-Ed and LOM) and their application profiles 
(for example, GEM, SCORM, JORUM, OK LOM Core, Cancore). Therefore, it is 
suggested that their inclusion in the search result interface can enhance students' 
relevance judgment experience. 
Some additional learning object metadata elements can be inferred from the list of 
relevance criteria identified during the relevance behaviour research. These are 
summarised in Table 11.7. The metadata listed in this Table derived from the relevance 
criteria that were not directly mapped to any metadata elements of the UK LOM Core or 
the metadata elements presented in the MERLOT search result interface (Sections 11.2.2. 
and 11.2.3). Some of the criteria included in Table 11.7 were among the most frequently 
used relevance criteria for learning objects. These were: 
• Relevance / UtilIty of data to the user 
• Depth 
• Download time and characteristics 
• Quality 
• Supportive / Assistlve learning material 
• Learning objectives (see Figure 11.1). 
It is worth mentioning that some of these criteria such as Depth, UtilIty of data to the user 
and Quality have been also identified by researchers who investigated relevance 
judgment behaviour in other types of IR systems, such as scholar databases (Tang and 
Solomon, 2001; Barry, 1994; Wang and Soergel, 1998), weather information (Barry and 
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Schamber, 1998) and the WWW (search engines and web pages) (Savolainen and Karri, 
2006; Crystal and Greenberg, 2006; Tombros et aI., 2005; Rieh, 2001). The fact, 
however, that none of the learning object metadata standards (such as LOM and DC -Ed) 
have taken into account the results of prior research on relevance behaviour reveals once 
more the pathogenic communication and interaction between behavioural science and 
design science research. This gap has been identified by many scholars (for example, see 
Marchionini, 2008; Ruthven, 2005) and it makes the need for user-centred evaluation, as 
a means for re-establishing the connection between the two, necessary. 
12.2.4. Metadata element vocabularies 
Although this thesis is focused on the metadata element semantics, some of the findings 
clearly suggest the need to improve the vocabularies used to express the values of some 
metadata elements. This holds especially true in the case of the Description, Title, Author 
and Audience metadata elements. 
Although both the TItle and the Description metadata elements were among the most 
useful for participants to judge the relevance of a learning object (see Table 12.1.), some 
recommendations for further improvements were made. In the case of the Description 
metadata element some participants in the interviews of the relevance behaviour study 
(Study D) suggested that the contents should be displayed consistently. In addition, they 
argued that the description should be short but comprehensive. Some other suggestions 
included the use of neutral phrasing and the inclusion of the main contents of the 
learning object in the Description metadata element. Therefore, comprehensive and 
objective information is important for students to judge the relevance of the contents of a 
description. A previous study in the context of GIS showed that the Description element 
should be focused, consistent and comprehensive (Fraser and Gluck, 1999). It is worth 
mentioning that the LOM standard or the UK LOM Core application profile are not 
prescriptive as far as concerns the use of the Description metadata element (LTSC IEEE, 
2002). For example, although they provide information about the data type and the 
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length of the description, both LOM and UK LOM Core are less prescriptive about what 
should be included in the description. The results of the relevance judgment behaviour 
showed that the Description metadata element is important as it helps students to judge 
the usefulness of a resource based on several relevance criteria beyond the criterion of 
Topicality, such as Quality, Depth / Scope / Specljiclty of a learning object and Relevance 
/ utility of data (see Table 12.1). These relevance criteria were not mapped to the 
metadata elements of the MERLOT surrogate or the UK LOM Core application profile. 
This shows the multi-faceted role of the DeSCription element in helping users judge the 
relevance of a learning object by providing cues to users' relevance judgment process. 
This multi-faceted role, however, was not always evident due to the inconsistent 
presentation of the contents of the Description. Therefore, it is suggested that the 
Description metadata element could be decomposed into several sub-elements, including 
Relevance / utility of data, Depth / scope / specificity and the Quality of the data. Such a 
structured presentation could guarantee the consistent display of the contents of the 
Description of the learning object reducing the variability in presentation. Research 
examining the differences between structured and unstructured abstracts used in scholar 
papers in medicine and psychology revealed that structured abstracts were more 
informative and supported easier searching and scanning for information (Hartley, 2002). 
In addition, they appeared to be as accurate as traditional abstracts, while information was 
more consistently displayed in the structured exarnples (Hartley, 2002; 2000). 
In the case of the Title metadata element some participants did not like the use of general 
titles or words and phrases that did not describe the contents of a learning object. Fraser 
and Gluck (1999) reported similar findings in the case of users' interaction with the titles 
of metadata surrogates in GIS systems. The Title is an important element for users to 
judge the topical relatedness of a learning object to their needs. In many cases, however, 
titles do not describe the content or subject of the learning object. This problem could be 
overcome through the use of qualifiers similar to those used in the Dublin Core standard. 
In the case of the Dublin Core, the Alternative Title is used as a refinement / qualifier of 
the Title element (Hillman, 2005). This could be applied in the LOM standard, providing 
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cataloguers with the opportunity to use more specific and descriptive alternative titles 
when the original title is general. 
Participants also mentioned that details about the author should be included in the 
surrogate. Examples of such details include the author's affiliation or a short biographical 
note. These details were presented inconsistently in the case of the search result interface 
ofMERLOT. In the case of the LOM standard, the Contribute metadata element of the 
Life-Cycle category permits the inclusion of information about the author of the learning 
object through the Entity sub element. This sub element uses a syntax based on v-card to 
express personal information about the autho~3. The v-card syntax, however, is often 
considered difficult to use by cataloguers and authors of learning objects (Friesen et aI., 
2004, Barker and Barker, 2003; Barker and Ryan, 2003; Barker and Thomas, 2003; 
Barker et aI., 2003). As a result, the entity sub-element is considered as optional in the 
case of many LOM application profiles, including the UK LOM CORE (Campbell, 
2004b). 
Participants also mentioned that the values of the Audience metadata element of the 
MERLOT search result interface, such as "College General Education" and "College 
Lower", were too broad and difficult to understand. This is not suprising given the fact 
that the MERLOT system is biased towards the U.S. Educational Audience, while the 
participants in this study were studying in the UK. In the case of the LOM standard, the 
audience is expressed through the use of three metadata elements of the educational 
metadata category of LOM. These are the Intended end user role, Typical age range and 
the Context. The intended end user role can take one of the following four values: 
teacher, author, learner, and manager, while the values of the context metadata element 
include: School, Higher Education, Training and Other (IEEE LOM, 2002). Both 
elements, however, do not provide a detailed or specific description of the intended 
audience of a learning object. For example, the values: Learner (Intended End User Role) 
53 ThiS IS an example of a v-card syntax Included In the LOM draft standard (IEEE LOM, 2002) 
"BEGIN VCARDInFN Joe FndaylNtel +1919-555-7878INtltle Area Admlnlstratorl,Asslstantln 
EMAILI, TYPE=INTERNInET Jfnday@hostcomlNend VCARDIn" In thiS example there IS 
Information about the name of the creator of a learning object (Joe Fnday), hiS telephone number, 
area of work and an emall address. 
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and Higher Education (Context) do not differentiate between educational levels (for 
example, undergraduate, taught postgraduate or research postgraduate students) or 
educational contexts (for example, colleges of higher education institutions and 
universities). In addition, the LOM standard does not define values for the Typical age 
range element. Participants in this study, however, preferred more specific rather than 
broad vocabularies for the audience. The Dublin core Application Profile has taken into 
account this by suggesting the selection of term/values from controlled vocabularies that 
"most frequently describe the intended ultimate beneficiary for the resource being 
deSCribed" (DC-Ed Aplication profile, 2008}54. It does not describe or propose, however, 
the use of specific vocabularies. The lack of proposed vocabularies could impede the 
semantic interoperability of learning object metadata surrogates (Sampson and 
Karampiperis, 2004) and increase users' cognitive and affective load when evaluating the 
relevance due to the variability and inconsistency in the use of vocabularies about the 
audience (Tennis, 2003). The participants that took part in the relevance behaviour study 
did not propose terms that could be used by metadata creators to express the audience of 
a learning object. In an earlier study, however, Tennis (2003) performed a small scale 
user study in order to investigate users' perceptions of different terms from seven 
controlled vocabularies that expressed various types of audiences (such as teachers, 
librarians, curriculum supervisors, students and educators). A total of nine participants 
from the educational sector were recruited and asked to sort 37 cards, each displaying a 
different term. Tennis found that participants sorted the 37 cards into 6 clusters each 
representing a broader audience category (such as mediators, decision makers, developers 
of the learning object, administration personnel, educators and learners). Tennis' 
findings, however, were not definite and future research is stilI needed to produce an 
interoperable vocabulary for the Audience metadata element. 
54 http "does google comNiew?docld=dn8z3gs 38cawkw 
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12.3. Impact of metadata surrogates on the use of learning object 
repositories 
12.3.1. Impact of the content of metadata surrogates 
An important question that arises is whether the presence (or absence) of certain learning 
object metadata elements can have an impact on the use of LORs by students. This 
question is related to the concept of metadata completeness that is defined as the extent to 
which the metadata surrogate provides the necessary metadata to support a given process 
or activity (Sicilia et aI., 2005; Zeng and Qin, 2008). Users can interact with LORs at 
different levels, each level representing a different "process or activity". These can 
include: 
I. The evaluation and selection of learning objects (relevance judgment based on the 
retrieved learning object metadata surrogates). 
2. The formulation and refinement of search queries for learning objects. 
3. The application of relevance feedback mechanisms. 
These processes or activities can facilitate several learning experiences that are mediated 
through the identification and the selection of relevant learning objects by students. For 
exarnple, students can select learning objects accordmg to the Intended End User Role, 
the Learning Resource Type or the Interactivity Level. The lack of these metadata 
elements from the surrogate can result in poor relevance judgments and the use of 
inappropriate learning material, thus impeding the efficiency and effectiveness of the 
learning experience. 
Wang and Soergel (1998) argued that metadata elements provide cues for users in order 
to judge the relevance of full text resources. These cues correspond to different relevance 
criteria employed by users during the evaluation of the relevance of a learning object. The 
lack of appropriate metadata elements from the metadata surrogate does not provide cues 
to certain user relevance criteria thus making the relevance judgment process difficult to 
complete. The results of study C showed that the metadata elements that participants 
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perceived to be among the most important to judge the relevance of a leaming object 
were: the Title, Description, Keyword, InteractiVlty (Type and Level), Learmng Resource 
Type, Difficulty, Audience (Intended end User Role, Typical age range and Context), 
Coverage, Date, Language and Cost. These metadata elements had corresponding 
relevance criteria that were among the Top 20 most frequently used criteria for relevance 
judgment (for example, Topicality, Interactivity, Learning resource type, AudIence, 
Currency, Language and Cost). These relevance criteria occurred more frequently in the 
metadata surrogate (overview and preview) rather than the leaming object itself. This 
happened due to the presence in the metadata surrogate of corresponding metadata 
elements that provided participants with cues to these relevance criteria (see Figure 12.1). 
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Many other frequently used relevance criteria, however, occurred more frequently in the 
learning object itself. These were: Depth, Authority, Scope, Relevance / Utility of data to 
the user, Relationship, Download time and characteristics, Affectiveness, Specljicity, 
Quality, Structure, Learning objective and Supportive / Assistive learning material. The 
mapping process between relevance criteria and metadata elements showed that for these 
criteria there were no corresponding metadata elements either in the metadata surrogate 
of MERLOT nor in the UK LOM Core application profile (see Table 11.4. and Table 
11.6). Although information that could provide cues for these relevance criteria could be 
presented in the Description metadata element of UK LOM Core profile or the MERLOT 
surrogate (see Table 12.1), there are no specific guidelines about the contents of this 
metadata element. Therefore, the lack of explicit metadata elements from the metadata 
surrogate could impede the efficiency and effectiveness of users' relevance judgments. 
This was empirically tested in the context of web search engine surrogates by Joho and 
Jose (2008). The researchers found that the use of additional information in the surrogate 
decreased the number of non relevant web-pages that participants accessed in order to 
judge their relevance. This happened because participants felt more confident with their 
relevance judgments after their interaction with the surrogates that included additional 
information, thus reducing the need for accessing the web-pages themselves. Although 
there are no studies about the impact of the presence (or absence) of certain learning 
object metadata elements on users' relevance judgment and interaction with LORs , 
researchers have investigated this effect in other contexts and especially with 
bibliographic records in library OPACs and scholar databases. For example, many 
researchers have found that the lack of a Description or Abstract metadata element from 
bibliographic records can have an impact on the accuracy and time efficiency of users' 
relevance judgments in bibliographic databases (Wang and Soergel, 1998). The 
importance of a Description metadata element resides on its ability to cover information 
that provides cues to several criteria users employ to judge relevance (Barry, 1998). 
These criteria usually extend beyond topicality. -
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Furthennore, the creation of metadata rich surrogates addresses the needs of the dynamic 
nature of the relevance judgment process and, in particular, the changes that occur on 
users' Anomalous State of Knowledge and infonnation need during the search process 
(Borlund, 2003; Rieh, 2001; Tang and Solomon, 2001). For example, Yuan et al (2002) 
revealed that changes in the ASK of web searchers could lead to changes in the relevance 
criteria employed by users to judge relevance. Similar changes occurred in the case of 
other studies by Taylor et al. (2001) and Wen et al (2006) who showed an impact of the 
level of subject knowledge, confidence, expectations and interest on the relevance criteria 
employed by participants in their studies. In all these studies changes in individual 
characteristics resulted in changes in the importance of metadata elements as well as 
changes in the number and type of relevance criteria employed by users for relevance 
judgment. Although this study was not focused on the impact of individual characteristics 
on students' relevance judgment, it revealed that there were changes in the type of criteria 
used for relevance judgment as they progressed from the evaluation of the metadata 
surrogate to the learning object itself. In the latter case, the criteria employed were less 
focused on descriptive infonnation (such as topicality, currency or language) and they 
were more focused on more subjective criteria such as quality, depth, scope and utility of 
data. This finding is in accordance with the results by Rieh (200 I) (in the case of search 
engines) and Tang and Solomon (2002) (in the case of IR systems) who agreed that 
participants in their studies (academic staff and students) tended to employ objective 
criteria in the context of the metadata surrogate, but used more subjective criteria when 
they evaluated the full text document or the web page itself. The use of surrogates rich in 
learning object metadata elements can address the effects of these changes (Le. changes 
between surrogate and the infonnation object) by providing enough cues to changing 
relevance criteria (Crystal and Greenberg, 2006; Rieh, 2001). 
The use of various types of metadata elements is not only important for establishing links 
between the contents of the surrogate and user relevance criteria, but also for facilitating 
the various sub-tasks of the relevance judgment process, such as finding, identifying, 
evaluating and obtaining access to the resource (Zhang and Yuelin, 2008). For example, 
Zhang et al found that users preferred content related metadata to find and identify 
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images and technical or physical characteristics for selecting and obtaining access to 
them. Although this study did not investigate the application of relevance criteria or 
metadata elements at this functional level future research should investigate the use of 
user-defined relevance criteria for finding, identifying, evaluating and obtaining access to 
learning objects. 
Besides the use of appropriate types of metadata elements, their expression with user-
centered and easy to understand terminology or semantics is important and can have an 
impact on users' satisfaction and performance during the relevance judgment process. For 
example, many participants in the usability test of the three LORs (Study A) did not like 
the use of metadata elements that were difficult to understand. This was evident in the 
case of the JORUM repository where participants found many metadata elements of the 
metadata surrogate preview interface difficult to understand, such as the Contributor, Life 
cycle, Catalog entry, ContributIOn to record, Format of record, Locations in lzbrary, 
Classified by, DRM and Permission term. In addition, it took significantly longer for 
participants to complete Task 5 (that involved the evaluation of the contents of the 
metadata surrogates) in JORUM rather than the MERLOT and ARIADNE systems. This 
finding is similar to the results of other studies in human information interaction research 
that suggest the use of clear and user-centred metadata content and web links as a means 
for increasing the quality of the information scent (Pirolli, 2007; Miller and Remington, 
2004; Fumas 1997;). For example, Fraser and Gluck (1999) suggested that participants 
preferred metadata surrogates that included clear content in GlS systems. Pirolli et al 
(2003) found that web searchers could indentify more efficiently links and nodes of a 
tree browser that better represented the content to be pursued. In another study of web 
navigation, Miller and Remington (2004) found that regardless of structure. users 
performed visual search tasks faster when the target item was clearly and unambiguously 
presented. Furthermore, Brumby and Howes (2008) found that the use of semantics in 
website menus that accurately represent the goal or the task at hand can significantly 
decrease the number of items under examination as well as the time needed to select an 
item. The use of appropriate semantics helped participants differentiate effectively 
between the target item and its distractors. Therefore, it is important to present metadata 
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semantics using appropriate terminology. This terminology should take into account the 
context and users' background, cognitive level, interest and work task at hand as well as 
the users' social networks in order to facilitate shared meaning as proposed by 
Ingwersen's model of integrated information seeking and searching (Ingwersen, 2005). 
For example, the card sorting experiment by Tennis (2003) showed that although there is 
a basic pattern of user interaction with different terms of the Audience metadata element, 
there is also a degree of variability that needs to be compromised in order to create useful 
and interoperable between human and machines vocabularies. 
However, the design of learning object metadata surrogates with appropriate elements 
and vocabularies is important for other activities beyond relevance judgment. These can 
include query refinement and relevance feedback. In the case of query reformulation 
users can refine manually their queries based on information presented in the metadata 
surrogates. For example, in the context of web search engines Joho and Jose (2008) found 
that participants tended to refine their queries more frequently when these included 
additional information such as Top Ranking Sentences (TRS) and thumbnails. Similarly, 
Johnson (2007) in a position paper about the usefulness of auto-generated abstracts in 
search result interfaces of search engines suggested that surrogates should present 
appropriate information to users in order to help them in query refinement. Finally, the 
provision of rich metadata surrogates is important also in the case of relevance feedback 
mechanisms (either in the case of automatic or manual relevance feedback mechanisms) 
(White et aI., 2005). 
12.3.2. Impact of presentation of metadata surrogates 
As in the case of metadata content, the presentation of the metadata surrogates can 
improve user interaction with LORs by reducing the cognitive load of working memory 
and improving the visual search behaviour during the relevance judgment process. The 
relevance judgment process involves both perceptual and cognitive functions that are 
facilitated through attention (visual searching) and processing of the information that is 
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the focal point of attention. During the visual search process two main physical activities 
are performed by the vision system: 
1. the peripheral vision sub-system performs a parallel scanning of the screening 
area and selects a focus point in the screen. During this stage a limited amount of 
information is extracted. The selection process of the peripheral system is 
influenced by the concept of visual conspicuity. Visual conspicuity depends on a 
variety of interface attributes, such as, colour, font size, length and structure or 
shape (Ling and Van Schaik, 2006; Pearson and Van Schaik, 2003). 
2. then, the foveal sub-system focuses on the selected area of the screen (pearson 
and van Schaik, 2003; Homof, 2004). During this stage, complex tasks can be 
performed such as reading. It is worth noting that the information capacity of the 
foveal sub-system is very limited. 
The information extracted from visual searching is stored temporarily in a sensory store 
with very limited storage capacity (approximately 17 letters, Card et al., 1983), the visual 
sensory store. At this stage, the information is passed to the short term memory for 
further processing. It involves the transformation of information from physical to 
symbolic form and it is mapped to the information (called chunks) held in the long term 
memory. Based on this mapping users make decisions about how they should respond to 
a stimulus. In the context of this research, decision making can involve whether to accept 
or reject a learning object based on its metadata surrogate, or which part or metadata 
element of the surrogate should be scanned next by the user during the relevance 
judgment process. Due to the limited amount of information that is processed in short 
term memory there is a need for metadata surrogates to be visually conspicuous. Visual 
conspicuity can decrease cognitive load in short term memory by helping users to focus 
on metadata information or cues that can be useful for the relevance judgment process. 
Although Wang and Soergel (1998) emphasized the importance of presenting the 
contents of metadata surrogates in a way that matches human information processing, 
they did not investigate what presentation factors and how these factors could have an 
impact on user relevance judgment process. The research included in this thesis went a 
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step further and identified several presentation factors that can have an impact on the 
processing of metadata surrogates during the relevance judgment process. 
The structure, highlighting and positioning of metadata elements within the surrogate are 
elements of visual conspicuity that can help users to focus on specific information 
presented in the learning object metadata surrogate. For example, in the case of the 
JORUM metadata surrogate interface, which is particularly cluttered, a clustered design 
could improve the time needed for users to scan the surrogate for relevant information as 
well as their satisfaction. Users should be able to see only selected metadata elements 
organised by semantic similarity (such as general, educational or technical) or frequency 
of use. Similarly, the highlighting of query terms within the surrogate preview interface 
of JORUM or the positioning of important metadata elements (content related and 
educational) at the top of the surrogate could minimise participants' visual searching 
effort and cognitive load. Users could limit their visual searching in the highlighted parts 
of the surrogate (in the case of highlighting) or focus at the top section of the surrogate 
(when metadata elements have been sorted by frequency of use or importance). 
The addition of graphics in the metadata surrogate preview and overview interfaces 
produces noise which can increase the visual searching and cognitive effort. This was 
evident in the case of the MERLOT interface where participants in Study A did not like 
the use of advertisements or irrelevant links in the surrogate. Some of the participants 
needed more time to identify relevant information and, in few other cases, participants 
followed some of the irrelevant links, thus interrupting their relevance judgment process. 
The use of clear font type and large font size as well as the use of text color that contrasts 
well with the background can facilitate the visual search process and the readability of the 
text. For example, in the MERLOT interface the use of a larger font size for the title of 
the learning object focused users' attention on the particular metadata element. 
The amount of information in the surrogate is another element of visual conspicuity. The 
findings of this study showed that in the case of long surrogates (like in the case of 
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JORUM) the number of non-accurate relevance judgments is higher than in the case of 
short surrogates (such as MERLOT). This can be attributed to an increase in cognitive 
load in the case oflonger surrogates. However, the study also suggested that the effective 
organisation of elements in lengthy surrogates can minimise visual search time and the 
cognitive effort spent (for example, through the use of highlighting, structure and 
effective positioning ofmetadata elements). 
Finally, presenting metadata elements that are only relevant to the user's query can 
minimise the cognitive load and speed up the visual process. However, this appears to be 
more appropriate in the case of known item tasks (when the user searchers for specific, 
well defined or already known information) rather than in the case of exploratory 
information search tasks (such as information gathering tasks) when the user is 
characterised by higher levels of ASK and exhibits less focused searching behaviour. 
Summarising, this section showed that the use of appropriate metadata elements and the 
presentation of these elements in the appropriate presentation format can have an impact 
on user relevance judgment when they interact with LORs. The use of appropriate 
metadata elements can help users make better decisions about the relevance of learning 
objects. Also, the benefits of the use of user-centred metadata elements can be extended 
beyond relevance judgment covering also the sub processes of query refinement and 
relevance feedback. The use of appropriate metadata elements, however, is not the only 
requirement for improving user experiences of LORs. Issues of presentation should be 
also addressed in order to increase the visual conspicuity of the surrogate and at the same 
time to decrease the negative impact that non-usable metadata surrogates can have on 
visual searching and cognitive load during the relevance judgment process. 
12.4. Summary of Discussion 
Although no previous research has investigated the presentation and content of learning 
object metadata surrogates, the discussion revealed that some of the results reported in 
this thesis can be confirmed by results in human computer interaction and relevance 
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behaviour research. For example, the design of the structure and organisation ofmetadata 
elements in the surrogate, as well as the highlighting of key terms is related to human 
information processing constraints and characteristics. In this manner, the tendency of 
human beings to categorise and respond to distracting stimuli aligns with the results of 
this research that revealed that participants performed better and were more satisfied with 
well organised and structured metadata surrogates as well as with the highlighting of 
query terms in the context of the metadata surrogate. Furthermore, already established 
web design heuristics should guide the design of the font type and size, colour and 
graphics of the metadata surrogate. The findings, however, provided more details about 
what type or organisation and structure participants in this research preferred as well as 
their perceptions about the amount of information that should guide the design of learning 
object metadata surrogates. For example, the clustered organisation of metadata 
surrogates increased the satisfaction of users during the relevance judgment process when 
compared to other metadata surrogate structures, such as those with Linear or Linear with 
categories structures. Similarly, the results revealed that participants preferred a small 
amount of metadata information for known item tasks, but richer metadata surrogates 
were appropriate in the case of ill defined and exploratory searches, or searches where 
participants had a moderate amount of knowledge about their information need. 
Furthermore, the results showed that participants preferred content, technical and 
educational metadata to be displayed at the top of the surrogate as opposed to other 
metadata types, such as rights, relation and meta-metadata. These results extend 
knowledge and understanding of user interaction with learning object metadata surrogates 
and contextualise the findings already known from experimental work in human 
computer interaction and visual search. 
The discussion of the content of learning object metadata surrogates revealed that several 
criteria and metadata elements that participants used to evaluate the relevance of learning 
object metadata surrogates and learning objects were identified by researchers who 
investigated relevance behaviour in different contexts, such as search engines and 
scholarly databases. This finding suggests the presence of a context independent pattern 
of criteria and metadata elements that participants use during the relevance judgment 
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process. This research, however, revealed also that learning object metadata surrogates 
should be extended with some new elements, such as Relevance I Utility of data to the 
user, Depth. Download time and characteristics, quality, SupportIve I Assistive learnmg 
material and Learning objectives. Using a simplified version of the document selection 
model (Wang and Soergel, 1998) it was suggested that the absence of these metadata 
elements from the metadata surrogate could impede the relevance judgment process. This 
happens because there are no appropriate information cues in the surrogate 
that can be matched to a user's relevance criteria. 
335 
Chapter 13 - Conclusions - Recommendations 
Chapter 13 - Conclusions - Recommendations 
The purpose of this research was to evaluate user interaction with learning object 
metadata surrogates both in terms of content and presentation. In particular, the main 
objectives of this study were: 
• To review the literature on learning object metadata and user-centred evaluation 
of metadata surrogates in the context of online information searching and retrieval 
(including user-centred relevance and usability research). 
• To develop a framework for the evaluation of user interaction with learning object 
metadata surrogates in search result interfaces. 
• To investigate the usability of metadata surrogates in search result interfaces of 
LORs in terms of various presentation aspects (such as length, structure, and 
colour) as a means for facilitating the user relevance judgment process. 
• To investigate in-depth the type of content that should be included in learning 
object metadata surrogates in order to facilitate the process of relevance judgment. 
• To provide a set of recommendations - guidelines for the design of learning 
object metadata surrogates in search result interfaces both in terms of content and 
presentation in order to help students easily evaluate and obtain access to learning 
objects. 
These objectives were addressed through a literature review, that facilitated the 
development of the methodological framework of this research, and a set of four studies, 
that investigated user interaction with different learning object metadata surrogates in 
terms of both presentation and content. 
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The literature review revealed several factors that could have an impact on user 
interaction with learning object metadata surrogates, such as the content, structure, 
highlighting, use of graphics, positioning of metadata elements, font type and size, colour 
and the display of an abstract - description (Section 2.3.6). These factors provided input 
to the proposed methodological frarnework (see Section 3.4). This framework informed 
the selection of the methods and the development of the research implements used for 
data collection and analysis. For example, the presentation component of the framework 
provided input to the development of the subjective satisfaction questionnaire, as well as 
the coding of users' responses in the interviews that took place during Study A. In 
addition, some of the presentation factors of the framework were selected for further 
manipulation and experimentation in Study B. The content component of the framework 
provided input to the design of the online questionnaire used in Study C, that investigated 
users' perceptions of the importance of several metadata elements of OK LOM Core for 
relevance judgment, as well as the coding of the data collected through the highlighting 
of terms, the think aloud protocol and the interviews in Study D, that investigated users' 
relevance judgment behaviour. 
The usability of the learning object metadata surrogates was examined through a set of 
two usability tests. The first investigated user interaction with three LORs: MERLOT, 
ARIADNE Knowledge Pool and JORUM (Study A). The three systems under evaluation 
differed in terms of the presentation of metadata surrogates in search result interfaces, 
both at the preview and the overview level. This study provided some rich data about the 
impact of several presentation factors on the time needed for users to find relevant 
information, the accuracy of their relevance judgment as well as users' satisfaction and 
preferences. The second study was an experiment focused on the impact of specific 
presentation factors (structure, highlighting of query terms and amount of information) on 
users' performance and satisfaction. The results of these two studies suggested that users 
performed the task of finding relevant objects faster and preferred metadata surrogates 
that were well structured (metadata elements were lined up and grouped into semantically 
relevant and labeled categories), highlighted the query terms inline, presented a moderate 
amount of metadata information (for example, either through the display of metadata 
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elements that were relevant to a user's query or through the inclusion of all metadata 
elements within a single screen or clustered surrogate format) and positioned important 
metadata elements near the top of the metadata surrogate. Although both studies were 
focused on the metadata preview interface, these are also relevant for the presentation of 
leaming object metadata surrogates in the overview interface. 
The examination of the type of content that should be included in the leaming object 
metadata surrogates was investigated in studies C and D. Study C investigated users' 
perceptions of the importance of several metadata elements of LOM for relevance 
judgment, while Study D was focused on the type of criteria users employed when they 
judged the relevance of learning object metadata surrogates and learning objects. The 
results of these studies revealed that users tended to evaluate the relevance of a learning 
object in terms of several criteria, such as Topicality, Cu"ency / Recency, Depth, 
Authority, Cost, Interactlvity, Scope, Resource type, Util,ty of data to the user, 
AjJectiveness, Specljicity, Quality, Structure, Supportive / Assitive material, Learning 
objectives and Download time and characteristics. Some of these criteria were not 
represented in metadata surrogates (such as in the case of MERLOT system) and 
metadata schemas (such as the UK LOM Core). 
The results of these four studies were used to address the last objective of this thesis, that 
is the development of a set of recommendations for the design of leaming object 
metadata surrogates in search result interfaces of LORs. These recommendations are 
presented in Section 13.3 of this Chapter. 
13.1. Limitations and further research 
The limitations of this research can be grouped into two categories. These are: 
1. Limitations in scope 
2. Methodologicallimitations 
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Both types of limitations are presented in this section. Where appropriate, suggestions for 
future research are provided as a means for addressing these limitations and extend the 
findings of the present research. 
13.1.1. Limitations in scope 
Although the findings provide useful knowledge about user interaction with learning 
object metadata surrogates and the design of this type of surrogate in search result 
interfaces, these should be interpreted with caution outside the context of this research. 
Due to the exploratory nature of this research and lack of resources an attempt was not 
made to investigate the impact of individual characteristics on the evaluation of user 
interaction with learning object metadata surrogates. An overview of the impact of 
several individual characteristics on users' information searching behaviour and 
information retrieval interaction was provided in (Chapter 2). Therefore, there is an 
opportunity for future research to extend the findings of this research and examine 
whether these findings are still valid among groups of users with different individual 
characteristics (such as novice versus expert web searchers, as well as participants with 
high interest in the search topic versus low interest in the search topic, high level of 
subject knowledge versus low level of subject knowledge, or high level of anomalous 
state of knowledge versus low level of anomalous state of knowledge). 
There is also a need for research to investigate the impact of task type on users' 
interaction with learning object metadata surrogates. Several types of tasks have been 
developed in the context of TREC for the evaluation of IR systems, such as the ad hoc, 
recall, factual search, relative recall, navigational, misspelled, aspectual or topic 
distillation tasks. These types of tasks could be also applied in the case of the evaluation 
of user interaction with learning object metadata surrogates. The studies reported in this 
thesis (and especially studies A, B and D) were limited to one task type, that is a 'simple 
relevance evaluation task' which involved the identification of relevant learning objects 
based on the examination of the first ten metadata surrogates displayed in the search 
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result interface. As in the case of individual characteristics, the investigation of task type 
effects could test the generalisability of the findings of this research across different types 
of tasks. 
Finally, due to the exploratory nature of this research, the impact oflR effectiveness (Le. 
the sorting of the results retrieved) was controlled. This decision was made in order to 
eliminate any bias from the use of systems that employed different IR algorithms (such as 
ARIADNE, JORUM and MERLOT) on the investigation of the effects of the various 
presentation factors on users' performance and satisfaction during relevance judgment. A 
similar decision was made in the case of Study B, that employed a Boolean type of IR 
model across the eight versions of the META-LOR 2 prototype. Therefore, these studies 
attempted to investigate the effects of presentation on user performance and interaction 
by eliminating the effects of IR effectiveness. Since the findings of these studies (Studies 
A and B) reported significant effects of presentation on user performance and 
satisfaction, it is worth investigating further whether these significant effects are still 
present in the case of search result interfaces that sort the retrieved metadata surrogates 
based on different IR algorithms (such as vector space or probabilistic models). 
13.1.2. Methodological limitations 
Although several actions were taken to ensure the validity and reliability of this 
researchss, there are some limitations that future research should overcome. These are 
) 
related to the sample size and the selection of the systems used in the data collection 
process. 
As opposed to surveys that require a sample size that is as large as possible, usability 
engineers and researchers in Human Computer Interaction have suggested the use of 
approximately 20 participants in usability tests that involve quantitative data collection 
55 These acbons have been reported across Chapters 4. 6, 8 and 10, where the methods used for 
data collection and analysIs for each of the four studies are reported. 
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(such as time, errors and satisfaction ratings) (Nielsen, 2006; Ahmed et aI., 2004). The 
proposed number of participants is smaller in the case of qualitative studies. In particular, 
many researchers in user-centred relevance behaviour research have suggested the use of 
approximately nine or ten participants (Barry and Schamber, 1998). This research tried to 
address these requirements by using sample sizes within the aforementioned limits. In 
addition, further actions were taken to minimise between subject variability and support 
th~ validity of the data obtained from the sample, especially in the case of the two 
usability tests (Studies A and B), such as the recruitment of participants that were 
motivated and familiar with the use of the web (Robin and Chisnell, 2008). In the case of 
Study C (Le. the survey that examined users' perceptions of the importance of metadata 
elements of LOM) a call for participation was circulated, through teaching co-ordinators, 
to half of the student population of Loughborough University. Although further actions 
were taken to increase the response rate, such as follow up emails and reminders in 
university notice-boards and online discussion lists, the final response rate was close to 
5%. In the case of Study D, the analysis of relevance criteria revealed an increased rate of 
redundancy (approximately 89%) after the seventh participant. This rate reached the 96% 
after the analysis of the data obtained from the last participant in the study (Le. the 
eleventh participant). Therefore, a decision was made to stop the recruitment process 
since the 4% of variability in users' responses represented relevance criteria that did 
occur frequently. Although actions were taken to minimise any negative effects of the 
relatively small sample size used across the four studies of this research, it is suggested 
that future research should employ a larger sample size in order to examine the 
generalisability of the findings. 
Another limitation, regarding the sample of the participants of this research, refers to the 
bias towards students in Information Science. The decision to include students from the 
Department of Information Science helped the researcher to control some of the 
dependent variables of this study and minimise the effects of between subject variability 
(such as the use of motivated users that were familiar with the web and the use of IR 
systems). Other reasons that influenced this decision include the difficulty in recruiting 
participants from different departments and the lack of resources (such as the use of 
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appropriate monetary incentives in order to stimulate participation). However, the 
homogeneity of this sample suggests that any generalisations of the findings should be 
made with caution. In addition, future research should also involve less motivated users 
(for example, low level of familiarity with the use of the web and IR systems) and 
increase the representation of students from engineering and humanities. 
Also, the identification and selection of LORs that fulfilled the criteria of this study was a 
difficult task (Le. they employed the LOM standard or VK LOM Core application profile, 
were designed for university students or at least for both university teachers and students, 
had a broad coverage, were based on or targeted the UK Higher Education sector and 
were freely accessible). The only leaming object repository that fulfilled some of these 
criteria was JORUM. This particular repository provided access to metadata surrogates in 
LOM, had a broad coverage and was targeting UK Higher Education. JORUM, however, 
was more focused on university teachers rather than students and it was not freely 
accessible (the service required registration and authorisation from the JORUM team in 
MlMAS). Due to the lack of other UK based repositories that met these criteria the 
European 'ARIADNE Knowledge Pool system' and the V.S.-based 'MERLOT system' 
were selected for inclusion in Study A. Although the ARIADNE Knowledge Pool and the 
MERLOT system did not use the same metadata semantics, they represented metadata 
surrogates using different presentation formats that facilitated the objectives of Study A S6• 
Finally, in the case of Study D, the selection ofMERLOT was based on the fact that this 
system was easier to use (for example, Study A showed that MERLOT outperformed the 
JORUM and ARIADNE system), partially matched the aforementioned selection criteria 
and was freely accessible. Since the MERLOT system did not make use of the metadata 
elements of the LOM standard, however, future research should investigate whether there 
are any differences in the relevance criteria employed by users at the overview and 
preview level between the metadata surrogates ofMERLOT and LOM-based surrogates. 
56 The differences between the three systems as well as a JustlficallOn of their selection In the 
study IS provided In Chapter 4 
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13.2. Implications of this research 
No studies in the past attempted to investigate the user-centerdness of learning object 
metadata surrogates in search result interfaces. The findings of this thesis suggest that the 
design of metadata surrogates should take into account users' needs and improve user 
interaction with search result interfaces during the relevance judgment process. Based on 
these findings a set of practical recommendations for the design of metadata surrogates in 
search result interfaces were proposed (see section 13.3.). 
Besides the practical implications of this research, a methodological implication includes 
the systematisation of the investigation of user interaction with metadata surrogates in 
search result interfaces. This was achieved through the development of the evaluation 
framework presented in Chapter 3. Although this framework was used in the context of 
learning object metadata surrogates, variations of it can be used in order to examine other 
types of metadata surrogates. Some novel characteristics of this framework were: 
• The integration of usability and user-centred relevance judgment research for the 
evaluation of metadata surrogates in search result interfaces. 
• The development of research instruments that can be used specifically for the 
evaluation of metadata surrogates in search result interfaces. These were: the 
subjective satisfaction questionnaire in Study A, the online questionnaire used in 
Study C, the coding schemes implemented in the analysis of the qualitative data 
of Studies A (presentation factors) and D (relevance criteria), and finally, the 
application of the document selection model (Wang and Soergel, 1998) for 
mapping relevance criteria to metadata elements and identifying gaps in the 
content of already existing metadata surrogates and learning object metadata 
schemes. 
Another methodological implication of this study is the validity of the desIgn research 
paradigm and mixed methods research for Information Science. To date, many 
information scientists have criticised the lack of integration and communication between 
studies on the user-centred evaluation of IR systems and the design or development of 
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these systems (petreIIi, 2008). The design research paradigm can provide information 
scientists with a framework for integrating system design and evaluation through 
iteration. Although the present study was focused on the evaluation of learning object 
metadata surrogates (evaluation as a part of the iteration process) but not the re-design of 
an operational and fully-functional search result interface (by demonstrating the 
longitudinal process of iteration in the design life-cycle as a whole), it provided new 
knowledge about user interaction and a set of recommendations that can support the 
development of operational search result interfaces for LORs and other types of 
educational digital libraries and IR systems. Therefore, the purpose of the design research 
paradigm in Information Science should be the production of new knowledge that can be 
applicable in the design of real systems (for example, see Section 13.3). This does not 
seem to be the case with the traditional approaches to the user-centred evaluation of IR 
systems (see Chapter 2) which fail to make explicit the practical implications of their 
findings in the (re-)design of these systems. 
Furthermore, this research validates the use of mixed method research design in the 
investigation of phenomena in Information Science research. Although the mixed 
method approach has not been widely implemented by information scientists (Fidel, 
2008), there are several benefits of this approach for research design. These benefits go 
beyond the common notion of triangulation (that is limited to the examination of the 
consistency of the data reported by mUltiple research methods) and include the concepts 
of expansion, flexibility or complementarity and development (Johnson et a\., 2007; Fidel, 
2008). These are explained below: 
• expansIOn suggests the use of different methods (both quantitative and quahtative) 
for the investigation of complex and multifaceted phenomena (or different research 
objectives). An example, of expansion in the present research involves the application 
of usability tests and relevance judgment behaviour studies for the examination of the 
presentation and content components ofmetadata surrogates respectively. 
• Flexibility (or complementarzty) involves the collection of both quantitative and 
qualitative data as a means of producing a comprehensive view of the phenomena 
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under investigation. For example, in the context of this research the quantitative data 
of user interaction with learning object metadata surrogates (such as time needed to 
perform tasks, errors performed and ratings of user satisfaction with the presentation 
and content components of metadata surrogates) were explained by the qualitative 
data collected from the interviews in Studies A and D. 
• Development involves the use of the findings of one method in order to inform the 
design of the instruments of another method. For exarnple, the interviews of Study A, 
provided input to the formulation of the hypotheses of Study B that exarnined the 
presentation of learning object metadata surrogates. Similarly, the literature review 
informed the design of the coding scheme used for the analysis of the qualitative data 
of Study D (relevance judgment behaviour research). 
In addition, the focus of the research on the needs of students highlights the importance 
of involving the particular community of stakeholders in decision making about the 
application of learning object metadata by university institutions. Recent research in the 
context of learning object metadata has been focused on the needs of metadata creators 
and learning object repository managers.57 The shift towards a more learner-centred e-
learning environment, however, requires participative approaches to the evaluation and 
implementation of learning object metadata. These approaches should involve the 
examination of students' needs. Although this thesis was focused on the evaluation of 
learning object metadata surrogates for relevance judgment it provides a first step 
towards this end. 
Finally, the results of this study can have methodological and practical implications in the 
evaluation and the design of metadata surrogates in other types of query-driven IR 
, 
systems such bibliographic databases and web search engines. From a methodological 
point of view, the importance of the examination of the presentation and the content of 
metadata surrogates is context independent. For example, the evaluation components of 
57 For example, the recent "Leamlng material application profile scoplng study" (Barker, 2008), 
was focused on the needs of managers of educational repositories and metadata creators ThiS 
scoplng study was carned out by CETIS and ICBL (Institute for Computer Based Learning), on 
behalf of JISC, and examined opportunllles for developing a metadata application profile for 
learning materials. The study IS available at http IIwww Icbl hw ac ukllmapl 
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the framework (such as structure, highlighting, order of metadata elements and amount of 
information) can underpin the design of any type of metadata surrogate. Similarly, the 
methods and research instruments employed in this research (such as usability tests and 
relevance judgment studies) can be used in the evaluation of metadata surrogates 
presented in different types of IR systems (a generic and context independent review of 
the evaluation framework is presented in Balatsoukas et aI., 2009). From a practical 
perspective, however, the design recommendations of this study (see section 13.3) are 
more relevant to the context of leaming object metadata and therefore any generalisation 
should be made with caution. For example, the proposed metadata application profile is 
focused on the needs of university students in judging the relevance of leaming objects. 
Therefore, content has been influenced by the context of this research. However, the 
recommendations about the interface design (presentation) could be applied in other 
contexts as well. For example, it is possible that the way metadata elements are structured 
or presented in the search result interface to be consistent across different types of IR 
systems. This assumption is theoretically supported by the principles of cognitive 
economy and perceived world structure (see Chapter 12 for a discussion about these 
principles and their implications in the design of metadata surrogates) which influence 
the way people perceive information and its structure in the environment (including the 
, 
digital environment). 
The implications of this research, however, can be extended beyond the evaluation of 
leaming object metadata surrogates in search result interfaces. In particular, the 
evaluation framework developed for the needs of this study, as well as the empirical data 
collected through a series of four-studies can have methodological implications on the 
evaluation of IR systems as well as theoretical implications for user-centred relevance 
behaviour research. 
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13.2.1. Evaluation of IR systems 
From the whole to the part (micro-level) 
For a long time user-centred evaluation of IR systems has been dominated by models or 
frameworks that were aimed at the holistic evaluation of the system (macro-level). For 
example, several frameworks for the multi-dimensional evaluation of IR systems 
(Saracevic et aI., 1988), search engines (Su, 2003; Johnson et aI., 2003; Spink, 2002), and 
digital libraries (Tsakonas and Papatheodorou, 2006) have examined user satisfaction 
with the system as a whole across a range of measures, such as utility, effectiveness and 
interactivity. Similarly, the Interactive track of the TREC conference developed a user-
centred framework for the evaluation of search result interfaces in terms of standard 
measures of recall and precision (and their derivatives)s8. Although these frameworks 
provided some useful data about the effectiveness of search results as well as user 
satisfaction and performance during the search process they do not focus on specific 
components of the human - IR interaction. For example, many studies that were based on 
these frameworks provided data about user satisfaction with the search result interface or 
the presentation of the results retrieved, but they did not specifY what presentation and/or 
content components of a search result interface had an effect on user satisfaction or 
performance during the relevance judgment process. 
The framework for the evaluation of metadata surrogates in search result interfaces 
(Chapter 3) proposed a shift from the holistic and outcome based evaluation of user 
interaction with IR systems (such as in the case of the multi-dimensional frameworks 
used for the evaluation of IR systems or the outcome-based evaluation of recall and 
precision of the Interactive track TREC), to evaluations focused on specific components 
of the search process, such as the metadata surrogates presented in the search result 
interface of LORs. As Petrelli (2008) suggested "only by measurmg each sub-task 
separately from the other is it possIble to gain the micro-view needed to assess the 
effectiveness of each component". The implementation of this framework for the 
evaluation of metadata surrogates facilitated the collection of empirical data about user 
58 See Section 2 4. of the literature review chapter. 
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interaction during the relevance judgment process both with the presentation and the 
content of metadata surrogates (meta-Ievel usability). The results revealed that several 
aspects can affect user interaction with metadata surrogates in search result interfaces, 
such as amount of information, structure, positioning and highlighting of key elements. In 
addition, although this research was focused on the evaluation of metadata surrogates in 
the search result interface of LORs, the framework could be applied in other contexts, 
such as search engines, digital libraries and institutional repositories. 
Beyond effectiveness and utility 
The results of this research suggest that other factors beyond the effectiveness 
(operationalised as recall and precision) or utility of search results can account for user 
performance and satisfaction with search result interfaces during the relevance judgment 
process. This finding suggests the incorporation of new criteria or variables (such as the 
structure of metadata surrogate, the highlighting of query and key terms or the sorting of 
metadata elements) in the investigation of user satisfaction and performance with search 
result interfaces. This is of particular importance for studies examining the multi-
dimensional evaluation of IR systems. For example, the standard measures of perceived 
recall and precision, utility of results and satisfaction with the presentation of the search 
result interface (all included in two seminal papers in the field of multidimensional 
evaluation by Su, 2003, and lohnson et aI., 2003) could be extended by the use of some 
of the variables of the framework for the evaluation of metadata surrogates. New 
hypotheses could be tested such as the impact of structure of a metadata surrogate, the 
highlighting of query terms, the presentation of an abstract or the sorting of metadata 
elements within the surrogate on perceived recall and precision, or, on user satisfaction 
with the utility of the results retrieved. The examination of these research questions could 
provide new knowledge about the factors affecting user satisfaction with IR systems. 
Finally, the concept of micro-level evaluation of metadata surrogates should be 
incorporated in mainstream IR research (such as TREe and INEX) and stimulate the 
investigation of the effects of the interaction between metadata surrogate presentation 
(micro-level) and IR effectiveness (macro-level) on user performance and satisfaction. 
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For example, it is worth exploring whether there is an impact of IR effectiveness (Le. the 
application of different IR algorithms) on the presentation of metadata surrogates in 
search result interfaces. 
13.2.2. Extending our understanding oC user-centred relevance behaviour 
The findings of this study confirm that human relevance judgment behaviour is 
multifaceted, dynamic and situational. Several relevance criteria identified in the context 
of learning object metadata surrogates and learning objects have been observed by other 
researchers in different contexts, such as web search engines (Rieh, 200 I; Crystal and 
Greenberg, 2006), scholarly databases (Wang and Soergel, 1998; Barry, 1994) and 
geographical information systems (Harry and Schamber, 1998). This strongly supports 
the theory of a context independent pattern of user-defined relevance criteria. These 
relevance criteria were multidimensional and could dynamically change during the 
relevance judgment process. Furthermore, this research showed that Wang and Soergel's 
(1998) model of document selection provides a good approach for explaining the 
, 
relationship between metadata elements and relevance criteria. Based on this model a 
mapping between relevance criteria and metadata elements was performed (see for 
example, Table 11.4 and 11.6 of Chapter 11). 
Although many of the results of this research align with previous studies, some of the 
findings contribute new knowledge to the study of relevance behaviour. The study 
identified some new relevance criteria that were applied specifically in the context of 
learning objects (such as, learning objective, downloading characteristics, assistive 
learning material and clarity of visual information). The existence of new relevance 
criteria highlights the importance of context in the application of relevance criteria and 
justifies the need for further research in different contexts. This finding also strengthens 
the assumption that relevance is also situational and therefore users employ specific 
relevance criteria when they judge the relevance of learning objects. 
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The methodological framework systematised the investigation of the impact of several 
presentation factors on user perfonnance and satisfaction during the relevance judgment 
process (such as structure, highlighting, amount of infonnation, font type and size, colour 
and organisation of metadata elements). Although previous studies investigated some 
aspects of the presentation of metadata surrogates (such as the sorting of the results 
retrieved or the presentation of auto-generated abstracts in the results of search engines) 
(Ruthven et aI., 2008) these were not focused on structured IR systems, such as LORs. 
This thesis, however, revealed that presentation factors can have an impact on user 
relevance judgment behaviour and, in particular, the time needed for users to find 
relevant learning objects as well as on users' satisfaction. 
13.3. Recommendations for the design of learning object metadata 
surrogates 
Based on the findings of this research some recommendations for the design of user-
centred metadata surrogates in search result interfaces of LORs have been proposed. 
These are presented in the following sections. Section 13.3.1 presents some 
recommendations for improving the usability of the presentation of learning object 
metadata surrogates in search result interfaces. Finally, Section 13.3.2 is focused on the 
content and presents a LOM application profile for search result interfaces. It is worth 
mentioning that a light version of this application profile is included in section 13.3.2. A 
more detailed presentation of it can be found in Appendix Y. 
13.3.1. Recommendations for the presentation of learning object metadata 
surrogates 
Font type and/ont size: 
• Use bold faced metadata elements. Metadata elements should stand out from the 
body of the textual metadata surrogate. This is important in the case of irrelevant 
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(Le. non-metadata) information that could distract the users' attention from the 
main content of the surrogate. 
• Use a larger font size or bold facing to display the Title metadata element (like in 
the case of the MERLOT system). 
• Use font size larger than 10pt. The size should be even larger in the case of older 
audiences or for people with visual impairment. Alternatively, provide control 
over the presentation of text. Control mechanisms for font options should be 
displayed in the web page and not hidden in the browser's toolbar. 
Colour: 
• Use colours that contrast well. For example, the use of white background colour 
with black text was preferred in MERLOT. 
• Avoid the use of blue colour for non hypertext. For example, the use of blue 
colour for non hypertext in JORUM confused users and created false expectations 
about the role and functionality of the text. 
• Use a blue colour for hypertext. 
Graphics: 
• Use text instead of icons to represent hyperlinks. For example, in the case of the 
JORUM system the use of icons decreased user satisfaction and increased the 
time needed to complete a task as well as the error rate. 
• Use clear and uncluttered interfaces. In general the interface should not be 
overpopulated with graphics, such as icons and screenshots. They should be used 
with caution. For example, previous studies have shown that the use of 
screenshots improved relevance judgment in the case of specific tasks only, such 
as the topic distillation task. 
Highlighting: 
• Use highlighting for key metadata elements or metadata information that matches 
a user's query terms. It appears from the results of this thesis that highlighting 
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significantly improved the time needed for users to find relevant leaming objects 
as well as user satisfaction. 
Sorting of met ad at a surrogates: 
• Provide evidence or help about how the results retrieved have been sorted. 
• Indicate the total number of results per page as well as the total number of results 
retrieved. 
• Provide alternative ways for users to sort the results retrieved. 
Display of an abstract / summary / description: 
• When human-generated abstracts are used, then these should be clear, consistently 
displayed, comprehensive and well structured. For example, in Section 12.2 of 
Chapter 12 it was suggested that abstracts should be decomposed into a set of 
further metadata elements, such as Depth and Scope. Prior research on the design 
of abstracts for scholar articles revealed that structured abstracts can improve 
reading and scanning (Hartley, 2000; 2002). 
• When auto-generated summaries are used, then these should include contextual 
sentences (relevant to the user's query) and query terms should be highlighted 
inline. 
Added functionality: 
• Provide users with the opportunity to save, print or email the contents of the 
overview and preview interface. 
• Provide access to the leaming object both from the overview and preview 
interface. In this case, text rather than icons should be preferred as indicators for 
downloading the leaming object. 
• Link relevant surrogates. Hypertext should be applied in the surrogate in order to 
link it to other relevant surrogates. For example, this was a function that 
participants in Study A liked both in the case of the MERLOT (through the 
Browse in categories) and JORUM (through the Classification element) systems. 
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• Use meaningful semantics to represent hypertext or include help menus in the 
case of hyperlinked icons. The use of user-centred text can improve the 
information scent of a hypertext. For example, participants in Study A were 
confused by the Export LOM function of the metadata surrogate preview interface 
of the ARlADNE Knowledge Pool system. This happened because the particular 
function did not provide users with enough information about its functionality. 
Some users attempted to click on the Export LOM function without an 
understanding of its purpose. This was similar in the case of the JORUM system. 
The overview search result interface included several hyperlinked icons that 
performed different functions, such as downloading the learning object, accessing 
the full details of the surrogate or viewing the metadata record workflow. None of 
these hyperlinked icons, however, were accompanied by meaningful text about 
their purpose. This resulted in an increased number of errors for participants 
performing Task 3 (Access the metadata surrogate preview) and Task 4 
(Download the learning object). 
Sorting o/metadata elements in the surrogate: 
• Present important metadata elements before the less important ones. For example, 
it appears that participants preferred content and educational metadata elements to 
precede information about the technical, rights, meta-metadata, annotation and 
relation characteristics of a learning object. It should be mentioned, however, that 
the effects of sorting or positioning are less critical in the case of interfaces with 
few elements or interfaces that presented all metadata elements in a single screen. 
Structure 0/ a metadata surrogate: 
• Apply a clear structure for lengthy metadata surrogates. Such a structure should 
include grouping of semantically related elements, use of clear label headings for 
each group, lined up presentation of each group (for example, through the use of 
lines or hierarchical structures). 
• Use a clustered interface design to reduce scrolling down and the arnount of 
metadata elements displayed in the screen. 
353 
Chapter 13 - Conclusions - Recommendations 
• Provide alternative displays of metadata surrogates, for example, both linear with 
categories and clustered formats in order to accommodate different user needs 
(Polyrepresentation). 
Amount of information: 
• In the case of known item tasks (i.e. tasks where the user knows what he is 
looking for), metadata surrogates should include only metadata elements that 
match a user's query. For example, the results of Study B showed that participants 
found relevant metadata surrogates faster and preferred the interface that 
presented only metadata elements that matched the user's task at hand. In the case 
of exploratory tasks or situations where the user is characterised by a high level of 
uncertainty, however, it is suggested that metadata surrogates should include as 
much useful metadata information as possible. This was evident in the case of 
Study D. Participants in this study used an average of 19 relevance criteria per 
surrogate. Most of these criteria corresponded to metadata information that was 
not related to a user's query terms. In this case, the effects of the presentation of a 
large amount of information in the surrogate can be counterbalanced through the 
use ofa good structure (see Recommendations about Structure). 
13.3.2. Development of a learning object metadata application profile 
The literature review revealed that only two studies, by Small et al (1998) and Plodzien et 
al (2006) investigated the criteria or factors affecting users' evaluation of the relevance of 
learning objects. Both studies provided recommendations for enhancing educational 
metadata schemas and standards, such as the GEM (Small et aI., 1998) and LOM 
(plodzien et aI., 2006) with new metadata elements. The study by Small et aI, however, is 
out of date and it was focused more on the needs ofK-12 teachers rather than the needs 
of the student population. The research conducted by Plodzien et al (2006) involved 
university students, but it was focused only on the quality of learning objects. Their 
recommendations included the addition of four new elements under the Educational 
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metadata category of LOM (Didactics, Evaluation, Functionality and Usability), and the 
creation of two new categories of metadata elements: Reusability and Quality. The fonner 
category included infonnation about the potential reusability of the resource (such as the 
context and conditions for re-using the resource), while the later included infonnation 
relevant to the quality characteristics of a resource. None of these studies, however, 
attempted to propose a metadata application profile of LOM specifically used for the 
evaluation of learning object metadata surrogates in search result interfaces by university 
students. 
Table 13.1 presents a set of metadata elements that could facilitate the evaluation of the 
relevance of learning objects by university students. A more detailed outline of it in the 
fonn of a LOM application profile is presented in Appendix Y. The proposed metadata 
application profile extends the LOM standard with new metadata elements grouped into 
three categories. These are: 1. Required metadata elements; 2. Recommended metadata 
elements and 3. Optional metadata elements. The grouping of metadata elements was 
based on the results of Study C (that investigated students' perceptions of the importance 
of LOM metadata elements) and Study D (that examined the relevance criteria used by 
students <to judge the relevance of learning object metadata and learning objects). 
Metadata elements in bold represent new elements that are not included in the LOM 
standard. 
The Required category includes metadata elements that correspond to the Top 20 
frequently used relevance criteria of Study D (see for example, Figure 11.1) and received 
a high Likert score (significantly higher than the median) in the survey that examined 
students' perceptions of the importance of LOM elements (Study C). These metadata 
elements are: the TItle, Description (Summary), Keyword, Date, Language, Cost, 
Learnmg resource type and Audience. In particular, the Audience metadata element 
should be decomposed into three separate LOM elements: Intended End User Role (e<g. 
Learners or Teachers), Context (e.g. Higher Education) and Typical Age (for example, 
18+). Metadata creators should pay attention during the population of these elements with 
values. For example, the results of this study revealed that participants did not like the use 
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) 
of broad and general terms to descnbe the intended audience of a learning object. In 
addition, the Description metadata element should be displayed consistently. In the 
Discussion Chapter (Chapter 12) it was recommended the use of further sub-metadata 
elements to standardise and improve the contents of the Description metadata element. 
For example, these could include the Depth, Specijiclty and Completeness metadata 
elements as well as elements about the tangibility of the data included in the learning 
object. These metadata elements have been proposed for either recommended or optional 
use (see Table 13.1). A significant advantage of the group of required metadata elements 
is the fact that these can be mapped to the DC standard, thus supporting semantic 
interoperability and exchange of information between systems. 
Recommended metadata elements are those that metadata creators are encouraged to 
include in the surrogate. These are the metadata elements of moderate level of importance 
(did not differ significantly from the median in the case of Study C) as well as the 
metadata elements that corresponded to relevance criteria that were frequently used by 
participants to judge the relevance oflearning objects (Study D). These relevance criteria, 
however, had no corresponding metadata elements among the most important elements of 
Study C. Some of the recommended learning object metadata elements that have not been 
included in the UK LOM Core schema include the Supportive Assistive material, Depth, 
Specijicity, Download time and characteristics, Relevance I utility of data, Quality I 
reliability and Authority of the resource. It should be mentioned that many of these 
metadata elements correspond to relevance criteria that participants used only during the 
evaluation of the learning object. 
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Table 13 I. A summary of a LOM apphcallOn profile for search result mterfaces 
Required Recommended Optional 
TItle • Learning Time 
Description (Summary) • Difficulty 
Keywords I Subject • InteractlVlty (Type and 
Date Level) 
Language • Supportive I Assistive 
Cost learning material 
Learning resource type • Coverage (Scope) 
Audience (Intended End • Depth 
User Role, Age and • Specificity 
Context) • Location 
• Format 
• Installation 
• Download time and 
characteristics 
• Structure (Structure & 
Aggregation level) 
• Author 
• COPYright 
• Relationship With other 
learning objects 
• Relevance I Utility of 
data 
• Quality I reliability of 
the resource 
• Authority of the 
resource 
• Learning objective 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
Technical requirements 
Size 
Duration of learning 
material (e g Video & 
anlmatlons) 
Semantic denSity 
DeSCription about how a 
learRlng object should 
be used 
The language of the 
learner 
Comments 
Version I Edition I 
Status 
Type of data 
Amount of data 
References 
Completeness 
Link availability 
DeSCription of the 
conditions of use 
Clarity of visual 
information 
Aesthetic appeal 
Author affiliation 
Reputation of the 
source 
URLdomain 
Verification 
Accessibility needs 
Number of individuals 
that have used a 
particular learning 
object 
• Meta-metadata category 
• The purpose of 
claSSifying a learning 
object 
Finally, the third category (Optional) includes metadata elements that derived from 
relevance criteria that were not frequently used by participants to judge relevance (these 
were the criteria that were not among the Top 20 criteria in Study D), metadata elements 
that were perceived by students to be ofless importance in Study C (Le. their Likert score 
differed significantly from the median), as well as metadata elements of LOM that were 
not included in Study C and they were not mapped to any relevance criterion of Study D 
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(Chapter 11). Also, this category includes some new metadata elements, proposed by few 
participants in Study D, such as metadata about the tangibility of the learning object, 
completeness, link availability, presentation of information (clarity of visual display and 
aesthetic appeal), reputation and verification of the resource, accessibility needs and the 
number of other learners who have used a particular learning object. 
13.4. Summary of conclusions 
Summarising, the concluding Chapter of this thesis justified how the main objectives 
were addressed. This was facilitated through the literature review, the methodological 
framework of the research and a set of four studies that investigated user interaction with 
learning object metadata surrogates, both in terms of presentation and content. The main 
findings of the research revealed that there is an impact of several presentation factors, 
such as structure, highlighting or arnount of information on users' performance and 
satisfaction when judging the relevance of learning objects. In addition, the study 
revealed the type of content participants perceived to be more important when judging the 
relevance of learning object metadata surrogates and learning objects. Although these 
findings provided an empirical base for design recommendation about the presentation 
and content oflearning object metadata surrogates, some opportunities for future research 
were outlined. Future research is important in order to extend and test the generalisability 
of these findings across different sample sizes, systems, user groups and task types. The 
present research can act as a baseline for future research in the evaluation of learning 
object metadata surrogates in search result interfaces and other types of surrogates as 
well. In addition, it can challenge the traditional evaluation of IR systems that ignores the 
impact of presentation and content of metadata surrogates (micro-level) on users' 
performance and satisfaction. 
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Appendix A 
This section provides a presentation of the three systems under evaluation: ARIADNE 
Knowledge Pool, MERLOT and JORUMIUK. The description of each system consists of 
five thematic sub sections: 1 System outline; 2. The metadata data structure of the 
system; 3. The search interface of the system; 4. the Metadata 'overview' search result 
interface; and 5. the metadata 'preview' interface. In addition, the main differences 
between these systems are outlined. 
ARlADNE Knowledge Pool system 
System Outline 
According to its mission statement the ARIADNE foundation aims to promote the share-
ability and exchangeability of learning objects, tools and methodologies for supporting 
learning across Europe (ARIADNE, 2003). This mission was accomplished by 
developing and supporting a technical infrastructure as well as building a community of 
users around it. An integral part of this socio-technical infrastructure is the Knowledge 
Pool System (KPS) - a distributed learning object repository for learners and teachers. 
The Knowledge Pool System is accompanied by a variety of client-based tools for users 
and developers that permit them to access the KPS, search and index learning objects in 
the KPS, perform federated searches (e.g. in both MERLOT and KPS), author and submit 
learning materials to the KPS. 
Metadata data structure 
For the purpose of facilitating management and discovery of learning objects in the KPS, 
ARIADNE developed its own metadata schema. The schema includes 43 elements 
divided into six categories: 1) General, 2) Semantics; 3) Pedagogical, 4) Technical, 5) 
Indexation (or rneta-rnetadata), and 6) Annotation. It is worth mentioning that the 
ARIADNE metadata schema contributed to the development of the IEEE LTSC LOM 
standard. When the latter became an official standard, mapping and transformation 
mechanisms were developed in order to increase the interoperability between the 
ARIADNE schema and the LOM standard as well as the related LOM application 
profiles (Najjar, et al., 2003; Najjar, Ternier and Duval, 2004; Najjar and Duval, 2003). 
The search interface 
There are four ways that users can search for learning objects available at the ARIADNE 
KPS. These are: 
1. Simple search interface (see Appendix C, Figure I). The user can simply look for 
a learning resource by typing a query and activating the 'Launch' button. 
2. The advanced search interface (see Appendix C, Figure 2). The user can specify 
certain criteria for searching for learning objects, such as, the document title, 
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usage rights, contributor's name and any subject tenn. In addition, a user can 
expand the criteria used for searching by clicking on the 'options' button. A long 
list of further criteria is presented and the user can choose to restrict a search 
either by media type, subject type or fonnat. 
3. The federated search interface (see Appendix C, Figure 3). The federated search 
provides the opportunity for the user to simultaneously search one or more 
distributed learning object repositories. 
4. The Visual browsing interface (see Appendix C, Figure 4). The ARIADNE 
Knowledge Pool applies visualization techniques to help users browse for relevant 
learning objects. The visualization applied in the case of the search result 
interface of ARIADNE is out of the scope of this study. 
The 'Meladala' Overview Inteiface 
After a search is perfonned the results are displayed in a search result 'overview' 
interface in a list fonnat. A number of 10 metadata surrogates are presented per page. 
Each result item is represented by the title of the resource, the author's name, the size of 
the resource and restrictions applied to the resource (for example, stakeholders pennitted 
to use the resource) (see Appendix C, Figure 5). 
The 'Meladala' preview Interface 
The user can view details for each material identified simply by clicking on the title of 
each result item. A detailed and long list of metadata elements is displayed providing 
infonnation about the content, authorship, technical features, pedagogical aspects and 
copyright issues of the particular learning resource. Metadata elements are grouped in the 
following categories: general, semantics, educational, technical and meta-metadata 
(indexation) (see Appendix C, Figure 6). The surrogates produced confonn to the 
ARIADNE metadata schema. This schema is quite similar and maps to the elements of 
the LOM standard. Alternatively a user can download the metadata surrogate in the LOM 
fonnat. In this case, however, only the XML tree structure is available. Finally, a 
download button is provided at the top and the bottom of the surrogate providing users 
the opportunity to download the learning resource. 
In general there is limited interactivity provided by the system. Apart from the basic tasks 
(search, identify, select and obtain access to a learning object) the system does not 
provide the opportunity for the user to sort the results in the search result overview 
interface or tailor the metadata display in the search result preview interface. In addition, 
users cannot print, save or e-mail ametadatarecord. Finally, no infonnation is provided 
to the user about the meaning of some ambiguous metadata elements (for example, 
through the use of pop up menus). The only additional functionality provided is the 
selection of alternative languages in order to meet the linguistic needs of the rather 
culturally and linguistically diverse audience of ARIADNE (which targets the countries 
of the European Union). 
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MERLOT 
System Outline 
MERLOT (http://www.merlot.orglmerlotlindex.htm) is a free open access catalogue of 
learning materials and an online community where teachers and students can share e-
learning sources world wide. MERLOT includes a wide variety of types of learning 
material such as: simulations, animations, tutorials, drill and practice, quiz and tests, 
lecture presentations, case studies, collections and reference materials. The material 
submitted is catalogued and evaluated following a peer review process based on three 
criteria: quality of content, potential effectiveness, ease of use. The learning resources, 
however, submitted to MERLOT's repository do not adhere to a specific structure or 
level of aggregation and they are not created according to a specific learning object 
specification standard, such as IMS or SCORM (MERLOT, 2006). 
The Metadata data structure 
MERLOT applies its own metadata schema to describe and organize learning objects. A 
typical MERLOT record includes general metadata, such as the title of the resource, the 
location, author, submitter, date added and modified, description of the contents of the 
resource, subject categories and language; educational metadata such as, material type 
and primary audience; and metadata related to the costs involved, source code 
availability, copyright and Section 508 compliance. No documentation is provided as to 
whether metadata values are conforming to standard vocabularies. 
The search interface. 
There are four different ways available for users to search for learning objects: I. 
browsing through subject categories; 2. simple search interface; 3. Advanced search 
Interface; 4. federated searching. 
A browsable interface is provided to users that arrange access to learning objects into 
seven main subject categories: Arts, business, education, humanities, Mathematics and 
statistics, science and technology, and social sciences. Each main category is further 
subdivided into multiple subject sub categories. An example of the browsing interface is 
presented in Appendix C, Figure 7. In addition, a simple search box is displayed at the 
top of all pages of the system (see Appendix C, Figure 8). The advanced search interface 
is presented in a multiple form display format. Users are invited to specifY their search 
CrIteria choosing from a variety of attributes such as: title, url, description, material type, 
technical format, learning management system, audience (see Appendix C, Figure 9). 
Finally, federated searching is available, providing users the opportunity to search for. 
learning materials in other learning object repositories and catalogues. 
The metadata 'overview' interface. 
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The search result interface of MERLOT presents a list of the retrieved metadata records 
that correspond to the users' query criteria. Each result page displays no more than 10 
metadata surrogates. Each surrogate presents a short version of the metadata details 
assigned to each learning object, such as, title, author, the first sentence of the 
description, type of material and date added. In addition, information about the quality of 
the learning object is presented as well as links to peer reviews and comments. Additional 
links provide users the opportunity to include the specific learning object metadata record 
into a personal collection or assignment. Finally, the user has the opportunity to 
customize the way results are sorted. Potential sorting criteria include: rating, title, 
author, material type, date of uploading and date of peer review. An example of the 
metadata 'overview' search result interface is provided in Appendix C, Figure 11. 
The 'Metadata 'preview' interface 
Each metadata surrogate in the 'overview' search result interface is directly linked to a 
metadata 'preview'. The metadata 'preview' includes the full details of a learning object. 
This information is provided in a list of approximately 15 metadata elements. Metadata 
elements are randomly sorted. In addition, hypertext is used in the case of the 'location' 
metadata element (providing direct access to the learning resource), the author and 
submitter elements (providing information about their conduct details and e-mail 
address), and finally in the case of the 'browse in categories' element. The particular 
element has a twofold functionality: firstly to provide information about the topical 
relevance of the record retrieved, and secondly to enable users to click on a subject 
category and access all records related to that category. Finally, a user is able to e-mail 
the record to a friend, write a comment about the resource, add the resource to an 
assignment of personal collection, or read peer reviews and comments about the 
particular learning resource (see Appendix C, Figure 12). 
JORUM 
System Outline 
The JORUM project funded by JISC under the X4L programme aims to develop a 
national repository of learning objects for UK Higher and Further Education. The 
repository is available for staff across the UK Higher and Further Education. 
Metadata data structure 
As part of this project, JORUM team developed a learning object metadata creation 
workflow with three main roles. These include the 'Contributor', the 'Cataloguer' and the 
'Reviewer'. The 'Contributor' after the upload of a learning object submits some 
additional learning object metadata. Then the 'Cataloguer' completes the learning object 
metadata record, and finally, the 'Reviewer's role is to revise or reject the metadata 
record. In addition, to the human-generated metadata, this workflow also supports the 
creation of some auto-generated metadata (Baired, 2006). 
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LOM is the metadata standard used for the description of learning objects in the Jorurn 
repository. The standard describes various characteristics of a learning object by defining 
an approximate number of 80 data elements, grouped under nine categories of data 
elements: general, life cycle, meta-metadata, educational, technical, rights, relation, 
annotation, and classification (for an analytical review of the LOM standard see 
Literature Review chapter). 
The Search Interface 
The following options are provided for users of JORUM to search for learning objects: 
1. The user can browse the system for learning objects either using subject 
categories from Further Education vocabularies, Higher Education vocabularies 
MeSh subject Headings, Pedagogic Terms, Policy Terms or UK Educational 
Level categories (see Appendix C, Figure \3). 
2. Alternatively, a simple search interface is provided at the top of the JORUM 
homepage A search is initiated when a user submits a query by clicking the 
'search' button (see Appendix C, Figure 13). 
3. Finally, the advanced search interface provides the opportunity for expert users to 
manipulate a query, for example by specifying Boolean operators between criteria 
and terms, using filters or performing field-specific searches (see Appendix C, 
Figure 14). 
The metadata 'overview' mterface 
When a user performs a search, either through the browsing, simple search or advanced 
search facilities, a list of short metadata surrogates is displayed that reflects the results 
retrieved. Normally 10 metadata surrogates or hits are displayed per page and navigation 
mechanisms are provided that permit users to navigate back and forward within the result 
set. Each metadata surrogate includes information about the title, the description, 
technical format and the size of the learning object. In addition, there are links that 
provide users the opportunity to access comments and view ratings related to the 
particular resource as well as read the terms and conditions of use of the object. There is 
no indication about the way results are sorted and there is no option provided to users to 
customize the display of the results (for example, chronologically, alphabetically or by 
relevance). Furthermore there is minimum user control over the results and users cannot 
save, print or email the result page. Each metadata surrogate in the result list is 
accompanied by a set of icons that represent different actions, such as previewing a 
learning object (preview object), accessing the full metadata surrogate (Read Information 
about the object), downloading the learning object (download options) and finally, 
accessing information about the status of the learning object and the learning object 
metadata in the workflow (for example, information is provided about whether the 
learning object metadata surrogate is completed or more detailed metadata need to be 
added) (see Appendix C, Figure 15). 
The metadata 'preview' interface 
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In the case of the metadata 'preview' interface all learning object metadata elements are 
hierarchically listed following a parent-child relation. In addition, metadata elements are 
grouped in one or more categories of LOM standard: General, life cycle, meta-metadata, 
technical, educational, rights, relation, annotation and classification. Some additional 
metadata categories, such as DRM (Digital Rights Management) are also provided. Each 
metadata surrogate includes more than 80 metadata elements and users are required to 
scroll down to read or search for a specific element. The hypertext is widely used to add 
interactivity to the metadata surrogate. For example, this" is the case for most of the 
elements of the classification category were hypertext is used to display other learning 
objects classified under the particular subject (see Appendix C, Figure 16). 
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Appendix B 
Screenshots of the systems used in the usability test 
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Figure 2. The advanced search interface of the ARIADNE Knowledge Pool 
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Figure 3. The federated search interface of the ARIADNE Knowledge Pool 
Figure 4. The visual interface of the ARIADNE Knowledge Pool 
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Appendix C 
Background Questionnaire 
Part A - Familiarisation and experIence with the WWW and online information searching 
I. How would you evaluate your frurnharlSatlon wIth the World Wide Web (WWW): 
(Please circle the number that most approprtately rel1ects your impressions about using personal 
computers). 
Not at all frurnhar Very frumhar 
1234567 
2. Please choose from the hst below, the frequency of use ofthe WWW during the week: 
o I never use the WWW (The queshonnaire is completed) 
o Less than one hour per week 
o One to four hours per week 
o Five to 10 hours per week 
o More than 10 hours per week 
3. For which purpose have you been using the WWW most frequently? 
(please tick the appropriate box: l=Never used, 7= Used very frequently). 
1 2 3 
3.1. Reading textual information 
3.2. Listening to music 
3 3. Viewmg ImageslPhotos 
34 Watchmg VIdeos 
3 5. Usmg other MultImedia apphcatlons 
3 6. Commumcatmg WIth fnends, colleagues etc (chat, 
emails, blogs) 
3.7. Shanng mformatlon (e g. wlkls) 
3.8. Online learnmg (for example, partlclpatmg m onhne 
lectures, solvmg online exerCises, puzzles or problems, 
takmg onhne assessment) 
4 
4. Which of the followmg onhne WWWservlceshaveyou been using most frequently? 
(please tick the appropriate box: l=Never used, 7= Used ve frequently) 
5 
1 2 3 4 5 
41. The Llbr 
4 2. The Llbr Portal such as MetaLlb 
4.3. The Llbr 
4.4. The UniverSl mstltutlOnal- e- rIOt reposItory 
45. Blbhographlc databases (such as, Emerald, Science 
Direct) 
4 6 Search en mes (e 
4 7 Sub ect GUIdes e 
48. Portals 
6 7 
6 7 
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5. Have you used the following online systems before? 
91.MERLOT: 
9.2. ARlADNE knowledge Pool: 
9 3. JORUM repository: 
6. If'YES·. how famlltar are you with these systems? 
OYes ONo 
OYes ONo 
OYes ONo 
(please tick the appropriate box: i=Not at all familiar, 7= Very familiar) 
1 2 3 4 
101.MERLOT 
10 2 ARlADNE Knowledlle Pool 
10.3. JORUM repoSItory 
Part B - Personal Data 
7. Level of study' 
o First year undergraduate student 
o Second year undergraduate student 
o Third year undergraduate student 
o Fourth year undergraduate student 
o Taught postgraduate student 
o Research postgraduate student 
8. Department and Faculty Name' 
THANK YOU FOR COMPLETING THE QUESTIONNAIRE! 
5 6 7 
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Appendix D 
Post-Test Questionnaire 
(For use by the researcher)' 
'Idennfication number: 
'System evaluated. 
Please circle the numhers that most appropriately reflect your impressions about using this onhne 
system. (NA= Not AvaIlable). 
Part 1 Overall User Reactions 
1.1. Overall reactions to the system. 
Frustratmg SatisfYmg 
1 2 3 4 5 6 7 NA 
Dull Stimulating 
1 2 3 4 5 6 7 NA 
Difficult Easy 
1 2 3 4 5 6 7 NA 
Difficult to evaluate Easy to evaluate 
the usefulness of the the usefulness of the 
results retneved results retrieved 
2 3 4 5 6 7 NA 
Not at all confident With Very confident With the 
accuracy of the accuracy of 
relevance Judgments relevance Judgments 
1 2 3 4 5 6 7 NA 
Part 2 Interface actions/tasks 
2.1. Navlgatmg across the results. 
Difficult Easy 
I 2 3 4 5 6 7 NA 
UnfrIendly FrIendly 
I 2 3 4 5 6 7 NA 
Unrehable Rehable 
I 2 3 4 5 6 7 NA 
22. Navlganng from the results page to mdlvldual meladala records' 
Difficult Easy 
I 2 3 4 5 6 7 NA 
Unfriendly FrIendly 
I 2 3 4 5 6 7 NA 
Unreliable Reliable 
I 2 3 4 5 6 7 NA 
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2 3. Accessing the full-text learnmg resource: 
Difficult Easy 
1 2 3 4 5 6 7 NA 
Unfriendly Fnendly 
I 2 3 4 5 6 7 NA 
Unreliable Reliable 
1 2 3 4 5 6 7 NA 
Part 3 Interface objects 
3.1. The sortmg - ordenng of the result relneved m the result page. 
UnfrIendly Friendly 
1 2 3 4 5 6 7 NA 
Confusing Clear 
1 2 3 4 5 6 7 NA 
InconsIstent Consistent 
1 2 3 4 5 6 7 NA 
Not at all useful Useful 
1 2 3 4 5 6 7 NA 
32. The font type and size ofmetadata elements: 
Hard to read Easy to read 
1 2 3 4 5 6 7 NA 
Confusing Clear 
1 2 3 4 5 6 7 NA 
Inconsistent Consistent 
1 2 3 4 5 6 7 NA 
Not at all useful Useful 
1 2 3 4 5 6 7 NA 
3.3. The highlightmg of key metadata elements. 
UnfrIendly Friendly 
1 2 3 4 5 6 7 NA 
Confusing Clear 
1 2 3 4 5 6 7 NA 
Inconsistent Consistent 
I 2 3 4 5 6 7 NA 
Not at all useful Useful 
I 2 3 4 5 6 7 NA 
3.4. The structure (mterface layout) of the metadata surrogates: 
Unfriendly Friendly 
1 2 3 4 5 6 7 NA 
Confusmg Clear 
1 2 3 4 5 6 7 NA 
Inconsistent Consistent 
1 2 3 4 5 6 7 NA 
Not at all useful Useful 
1 2 3 4 5 6 7 NA 
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3 S. The order of presentation ofmetadata elements In the surrogate: 
UnfrIendly Fnendly 
1 2 3 4 5 6 7 NA 
Confusmg Clear 
1 2 3 4 5 6 7 NA 
Inconsistent Consistent 
1 2 3 4 5 6 7 NA 
Not at all useful Useful 
1 2 3 4 5 6 7 NA 
3 6. The amount ofinformatlOn Included in the surrogate: 
Unfriendly Friendly 
1 2 3 4 5 6 7 NA 
Poor RIch 
1 2 3 4 5 6 7 NA 
Inconsistent ConsIstent 
1 2 3 4 5 6 7 NA 
Not at all useful Useful 
1 2 3 4 5 6 7 NA 
3.7. The mformatlOn presented in the abstract or description element ofthe metadata record. 
Hard to read Easy to read 
1 2 3 4 5 6 7 NA 
Confusing Clear 
1 2 3 4 5 6 7 NA 
Poor RIch 
1 2 3 4 5 6 7 NA 
Not at all useful Useful 
1 2 3 4 5 6 7 NA 
3 8. The use ofhyperlinks is: 
Not at all useful Useful 
1 2 3 456 7 NA 
39. The use of graphICs IS: 
Not at all useful Useful 
1 2 3 4 5 6 7 NA 
3 10. The use of colour IS' 
Not at all useful Useful 
1 2 3 4 5 6 7 NA 
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AppendixE 
Background Questionnaire 
Table 1. Purpose for using the WWW 
ReadIng textual InfonnatlOn 
CommuOlcatmg wIth frIends, 
colleagues etc (chat, emalls, 
blogs) 
LIstenIng to musIc 
Watchmg VIdeos 
Usmg other MultImedIa 
apphcatlOns , 
VIewIng ImageslPhotos 
Onh"e learnIng 
SharIng infonnatlOn (e g wlkis) 
Llkert score 
5.42 
4.79 
4.32 
4.21 
395 
3.58 
3.42 
300 
Table 2 Use of Electromc Information Services (EIS) 
Search engInes (e g Google) 
The Library Catalogue (OPAC) 
Scholarly databases (such as, 
Emerald, LlSA) 
The LIbrary Portal (such as 
MetaLlb) 
Subject Guides (e g. Yahoo) 
Portals 
The LIbrary e-book collectIOn 
The UOIversity instItutional- e-
prInt reposItory 
Learnmg object repositories 
Llkert score 
6.00 
505 
4,89 
4,84 
3,74 
3.58 
2.42 
1.79 
1.47 
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Appendix F 
Test for normal distribution of time data 
Table I.Tests for Normality 
Sha Iro-Wilk 
Statistic 
Time 163 19 
• This IS a lower bound 01 the true Significance 
a lIlIlelors Significance Correction 
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Appendix G 
Two-way within subjects ANOVA Test/or Time 
Table 1. Mauchly's test of Sphericity 
Measure Time 
Epsilon" 
Approx. Gtunhous 
Within SubJtets Effecl: Mauchly'sW ChI-SqUill. d! SI, .·Gel"" Huynh-r.,dt Lower-
Interface ee3 2 111 2 348 e~o gee 
Interface· Task 000 2MQ41 30 000 20" 290 
Tests the null hypotheSIS th .. ttht trror covinanct matriX oftht orlhonormahztd transformed dapilndtntvoInolbl.s 
proportional to an Identity m.iltrbc. 
bound 
000 
120 
iI May be used to adjust the degrees offreedom forth. averaged tests ofslgmfJcoInC4t Corrected tests ,He dlspl ayed In 
the Tests 01 Within-SubJects Effects tabl. 
Table 2 Mauchlts test of S2hericit~ 
Within Mauchly's Approx. df Sig 
subjects W Chi- Greenhouse-
effect Square Geisser 
Interface (Task 0.713 5.747 2 0.056 0.777 
1) 
Interface 0967 0570 2 0.752 0968 
(Task 2) 
Interface 0762 4631 2 0.099 0807 
(Iask 3) 
Interface 0123 35635 2 0.000 0.533 
(Task 4) 
Interface 0859 2574 2 0.276 0877 
(Task 5) 
\ 
El!sllon 
Huynh-
Feld! 
0837 
1000 
0875 
0539 
0.964 
Lower· 
hound 
0500 
0500 
0500 
0500 
0500 
382 
Table 3. Table of within subjects effects 
Musure Time 
Type III Sum 
Source of Squares df Mean Square: F Slg 
Interface Sphenclty Assumed 201684555 2 100842278 45890 000 
Gre en house·Gelsse, 201684555 1791 112616531 45890 000 
Huynh·reldl 201684555 1976 102073 948 45890 000 
Lower-bound 201684555 1000 201684555 45890 000 
Error(lnterface) SpherlClty Assumed 79109485 36 2197480 
Gre en house·Geisser 79109485 32.236 2454062 
Huynh-Feldt 79109485 35566 2224325 
Lower-bound 79109485 18000 4394971 
Task Spherlcliy' Assumed 562890999 4 390722750 144794 000 
Gre en house·Gelsser 562890999 1403 1113978827 144794 000 
Huynh·Feldt 562890999 1486 1052022302 144794 000 
Lower-bound 562890999 1.000 1562890999 144794 000 
Eno(Task) Spherlclty Assumed 194289538 72 2698466 
Gre en ho use·Geisser 194289538 25.254 7693521 
Huynh-Feldt 194289538 26741 7265628 
Lower-bound 194289538 18000 10793863 
Interface· Task Sphenclty Assumed 146803468 8 18357933 8711 000 
Greenhouse·G e IsseI 146863468 2052 71575942 8711 001 
Huynh-Feldt 146863468 2319 63327947 8711 000 
Lower-bound 146aa3469 1000 146863468 8711 009 
Error(lnte rface"T ask) Sphenclty Assumed 303466422 144 2107406 
Gree nhouse-Gelsser 303460422 36933 8216586 
Huynh-Feldt 303466422 41744 7269755 
Lower-bound 303466422 18000 16859246 
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Appendix H 
Normal distribution of error data 
Table 1.Tests for Nonnality 
Statistic 
Time 153 19 
• This IS a lower bound 01 the true significance 
a Lllllelors Significance Correction 
5 
000 
Histogram 
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Figure I. Histogram for Time DistributIOn 
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Appendix I 
Two-way within subjects ANOVA Test for Errors 
Table 1. Mauchly's test of Sphenclty 
Mauchl)fs Test of spherleiy 
Meastre MEASURE 1 
VVithln Subjects Effect Mauchly's W 
ilter1etee 224 
Approx 
Chl.Square 
8972 
df 
2 
Tasks 000 9 
t1ter1ace· Tasks 000 3S 
SI 
011 
Greenhous 
e-Gelsser 
563 
410 
.206 
E doni! 
Hu nh-Felet LO'Nef -OOund 
597 .500 
520 .250 
.262 125 
Tests the r.J1l hypotheSIS then the error covanance mmrlx 01 the orthonormalrzed trelnstormed dependent vemables IS 
prOportIOnal to an Identity metroc 
ell May be used to adjust the degrees of freedom for the averaged tests of significance Corrected tem are d'lsplayed In 
the Tests 01 VVithlfl-SubJects Effects table 
b 
DeSIgn: Intercept 
VVithln Subjects Desigrt Interface+ Tasks+lnter1ace>lTasks 
Table 2. Mauchlts test of Sphenclty 
Within Mauchly's Approx. df Si g. Epsilon 
Subjects Effect W Chi- Greenhouse- Huynh- Lower-
Square Geisser Feldt bound 
Interface 0.762 4631 2 0.0 00 0.807 0875 0.500 
(Iask 3) 
Interface 0.123 35635 2 0.1 39 0533 0539 0500 
(Task 4) 
Interface 0859 2574 2 0.0 00 0.877 0964 0.500 
~Task 51 
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Appendix K 
Subjective satisfaction questionnaire 
Table I. Spearman's correlations for construct vahdlty. 
Factor 
Overall reactions to the system: 
Navigating across the results: 
Navigating from the results page to 
individual metadata surrogate: 
AccesslOg the full-text learnlDg resource: 
The sorting - ordering of the retrieved 
results: 
The font type and sIze of metadata 
elements: 
The hlghlightlOg of key metadata 
elements: 
The structure (interface layout) of the 
metadata surrogate: 
The order of the metadata elements in 
the surrogate: 
The amount of IOformation included 10 
the surrogate: 
Tbe information presented in tbe 
abstract or description element of the 
surrogate: 
The use of hyperlinks 
The use of graphics 
The use of colour 
T bl 2 C b h' I h a e ron ac s alpl a scores fi th a1 or e se 
Questionnaire scales 
Overall reactions to the system: 
NavlgalIng across tbe results: 
es 0 
Navigating from tbe results page to individual 
metadata records: 
Accessing the full-text learning resource: 
The sortlO~ - ordenn~ oftbe retrieved results: 
Tbe font type and size of metadata elements: 
The bigbligbting of key metadata elements: 
The structure (interface layout) of tbe 
metadata surro~ate: 
Tbe order oftbe metadata elements 10 the 
surrogate: 
The amount of InformatIon included in tbe 
surrogate: 
Tbe informatton presented in tbe abstract or 
description element of the metadata surrogate: 
p-value 
0001 
0003 
0004 
0.14 
00005 
00005 
00005 
0008 
0001 
00005 
0002 
001 
003 
001 
fth e questIOnnaIre 
Cronbacb's 
alpba 
074 
08 
067 
o 7S 
083 
073 
077 
072 
078 
076 
073 
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AppendixL 
List of tasks ofstudy B 
Task description Type of interface I Level of 
coml!lexi~ 
You need to find an onhne lecture note about the Linear - highlighted Low 
topic of digital divide. 
You need to fmd an online tutorial about the use 
of Mood le system. The tutorial should be of high 
interactivity and specifically designed for Linear - highlighted High 
students in Higher Education. Make sure that the 
tutorial is available in an HTML format. 
You need to fmd an online lecture note about the Linear-non Low 
topic of web accessibility. highlighted 
You need to fmd an online tutorial about the topic 
ofinformation literacy. The tutorial should be of Linear-non High 
high interactivity and specifically designed for highlighted 
students in Higher Education. Make sure that the 
tutorial is not available in html format. 
You need to find online exercises about the design Clustered - non Low 
of database systems. highlighted 
You need to fmd online exercises about HTML Clustered- Low 
design. highlighted 
You need to fmd an online tutorial about the use 
of Microsoft Office. The tutorial should be of Clustered- High 
active interactivity and specifically designed for highlighted 
students in Higher Education. Make sure that the 
tutorial is available in an HTML format. 
You need to fmd an online tutorial about the topic 
ofinformation retrieval. The tutorial should be of Clustered - non High 
low interactivity and especially designed for highlighted 
students in Higher Education. Make sure that the 
tutorial is available in a PDF fonnat. 
You need to fmd an online tutorial about essay 
writing. The tutorial should be of a high Linear with labels - High 
interactivity and specifically designed for students non highlighted 
388 
in Higher Education. Make sure that the tutorial 
is available in an html format. 
You need to fmd an online tutorial about research Linear WIth labels - Low 
methods. non highlighted 
c 
You need to find an online lecture about the use of Linear with labels - Low 
SPSS for parametric tests. highlighted 
You need to find an online tutorial about how to 
write case studies. The tutorial should be of a Linear with labels - High 
high interactivity and specifically designed for highlighted 
students in Higher Education. Make sure that the 
tutorial is available in an HTML format. 
You need to fmd an online lecture note about the Query metadata Low 
use of Power Point. only - highlighted 
You need to find an online lecture note about the 
use of Metalib. The lecture should be of high Query metadata High 
interactivity and specifically designed for students only - highlighted 
in Higher Education. Make sure that the lecture is 
available in an HTML format. 
You need to fmd an online tutorial about the use 
of Google. The tutorial should be oflow Query metadata High 
interactivity and specifically designed for only-non 
students in Higher Education. Make sure that the highlighted 
tutorial is available in a PDF format. 
You need to find an online lecture note about the Query metadata - Low 
use of Microsoft Word. non highlighted 
389 
Appendix M 
Post-Test Questionnaire Sample 
(For use by the researcher)* 
·Identlficatlon number 
-Interface evaluated 
Part 1 Overall User Reactions 
I. Please circle the numbers that most appropriately reflect your ImpreSSions about usmg thIS onhne system (NA= Not 
AVlIllable) 
I 1 Overall interface satisfaction 
Frustrallng SatlSfYmg 
123456789 NA 
Dull Stimulating 
123456789 NA 
Difficult Easy 
123456789 NA 
Old not like the Liked the presentation 
presentation of metadata of metadata 
123456789 NA 
Part 2 Task based questtons 
21 Overall, I am sailS fled with the easy a/completing task J toflnd relevant informatIOn 
Please circle the numbers that most appropnately reflect your ImpressIOn about USing thIS onhne system (NA=Not 
AVlIllable) 
Strongly DISagree Strongly Agree 
1234567 NA 
22 Overall, I am satisfied WIth the easy of completmg task 2 to find relevant information 
Please circle the numbers that most appropnately reflect your ImpreSSion about USing thiS onhne system (NA=Not 
AVlIllable) 
Strongly DISagree Strnngly Agree 
1234567 NA 
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AppendixN 
Background Questionnaire 
Table 1. Purpose for using the www 
CommUnicating with friends, 
colleagues etc (chat, emalls, 
blogs) 
Reading textuallnfonmatlon 
Watching Videos 
Viewing Images/Photos 
Listening to musIc 
USing other Mulllmedla 
apphcatlons 
Sharing Information (e g 
wlkis) 
Onhne learning 
Likert score 
600 
588 
546 
542 
508 
454 
538 
367 
Table 2. Use of Electronic Infonnation Services (EIS) 
Search engines (e g Google) 
The Library Catalogue 
(OPAC) 
Scholarly databases (such 
as, Emerald, LlSA) 
Subject GUides (e g Yahoo) 
The library Portal (such as 
MetaLlb) 
Portals 
The Library e-book collection 
The University inst~utlonal­
e-pnnt repoSItory 
Learning object repositories 
Likert score 
688 
667 
550 
546 
483 
433 
271 
188 
163 
391 
Appendix 0 
Test for normal distribution of time data 
Table I.Tests for Nonnality 
Kolmo orov-Smlrnov a 
Statistic dl SI 
VAR00001 137 24 200(*) 
* This IS a lower bound 01 the true significance 
a Lllhelors Significance Correction 
Statistic 
956 
Sha Iro-Wilk 
dl 
24 
Figure I. Histogram for Time DistributIOn 
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Appendix P 
Two-way within subjects ANOVA Test for Time 
Me!!l$Ure Time 
Table 1. Mauchly's test of Sphericity 
Mauchly's Test of Spherlcd'y 
Approx Greenhous 
EpsHona 
'Mthln SUblects Effect Mauchly'sW Ct;.Sauor. cif SIa e-Gelsser Huvnl>-f.ldt lower-bound 
ilter1eceJype D08 99013 27 000 459 542 143 
Tasks 1.000 .000 0 1000 1000 1000 
t1ter1ace Jype ,. Tasks .Q11 92.944 27 000 424 494 143 
Tests the I'1JII hypothesIS that: the error covammce matrix of the or1honormahzed transformed dependent vanables IS proportl 
to an IdenUy matrix 
a May be used to adjust the degrees 01 freedom for the avereged tests 01 significance Corrected tests are displayed n t 
Tests at \AAthln-Subjects Effects table 
b 
Design: lnl.erceJ:t 
V\I1thln Subjects Design Interface Jvpe+ T 8sks+lnterface Jype'T asks 
Table 2. Mauchly's test of Sphericlty for the one way within subjects (Task 1) 
Mauchly"s Test of Spherlcd'y 
Measure Tbne 
Ep.Hoo· 
Approx Oreenhous 
\MI:hln Subjects Effect Mauchly'sW Chl-Square df Slg e-Gelsser Huynh--Felct Lower-bound 
ntertace_Type 006 103644 27 000 421 469 
Tests the null hypotheSIS that the error covam"nce matrix of the orthonormallzed transformed dependent variables IS 
proportIOnal to an Identrty matrix 
143 
a May be used to adjust the degrees of freedom for the averaged tests of significance Corrected tests are displayed In 
the T osl. of Wlthln·SubJect. Effects tobl. 
b 
DeSIgn:' .-tercept 
VV\thln Subjects Design- Interface_Type 
Table 3. Mauchly's test of Sphericity for the one way within subjects (Task 2) 
Mauchly"s Test ofSpherlc.t,y 
Measure Time 
EpsHon" 
Approx Oreenhous 
\!Whin Subjects Effect Mauchly'sW ChJ..Square df Slg e·Oelsser Huynh-Felc1 Lower·boll'ld 
Interface_Type 006 97671 27 000 504 606 
Tests the nuU hypotheSIS that the error covaTlsnce matnx of the orthonormallzed transformed dependent variables IS 
proportJonal to an Identity matrix 
143 
a May be used to adjust the cfe!7ees of freedom for the avereged tests of significance Corrected tests ere displ8yed In 
the Tesls of Wlthln·SUbJects Effects tobl. 
b 
DeSign: Irtercept 
VV\thln Subjects Design: Interface_Type 
394 
Table 4. ANOVA test for differences in time between interfaces for Task 1 (Iow complexity) 
MesS\.l'e'Time 
Test. ofWrthin-Subfects Effects 
Oreenhouse-Oelsser 
Huynh-feldl: 
Oreenhouse-Oelsser 196273.333 
Huynh-felcft 196273.333 
lower·bound 196273333 
61759 
78796 
23000 
2696640 
2490637 
6533 623 
Table 5. ANOVA test for differences in time between interfaces for Task 2 (high complexity) 
Measure TIme 
Test. of Withm-SubJec18 Effect. 
Oreenhouse.oelsser 
Huynh-f eldl 
Greenhouse-Oelsser 
Huynh-Feldl: 207516255 
lower·bound 207516255 
161 
61113 
97606 
248127538 
1288 921 
2558358 
2126062 
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Appendix Q 
How students evaluate the usefulness of digital learning 
resources? 
Dear student, 
The aim of this study IS to investigate how university students evaluate the relevance-
usefulness of onhne learning resource (such as, an electroniC book, onhne lecture note or 
onhne lesson) 
The data collected from thiS study will Inform the deSign of electrOnic learning systems (such 
as digital hbranes of educational materials and Virtual Learning EnVironments) and Improve 
students' expenences when searching for digital learning resources and Information uSing 
these systems 
Your input to thiS survey IS highly appreciated and It Will be treated With confidentiality 
Do not forget to send an e-mail to the e-mail adress prOVided at the end of the questionnaire, 
textlng' "Survey 2007", to TAKE PART IN THE DRAW FOR AN iPOD 
Please do not heSitate to contact me for further details related to thiS survey In thiS em all 
address' P Balatsoukas@lboro ac uk 
Thank you In advance for your Inputl 
Pan os 
Panos Balatsoukas 
PhD student 
Dept of Information SClencel 
Research School of Informatlcs 
Holywell Park, Loughborough UniVersity, UK 
Section A - Demographic data 
1. Please indicate your level of study: 
(" 
First year undergraduate student 
(" Second year undergraduate student 
('" 
Third year undergraduate student 
('" 
Fourth year undergraduate student 
(" 
Taught postgraduate student 
('" 
Research postgraduate student 
396 
r 
2. Please Indicate your department: 
3. Please indicate how familiar you are with the following electronic 
information resources: 
1 2 3 4 5 6 
] 
7 
Not at all familiar Very familiar 
ElectrOnic books (E-Books) r r r r e: c r 
ElectrOnic Journals (E-Journals) r r r e r e r 
Electronic Reading lists r r r r r e r 
Institutional repository r r r e r e r 
Learn Server e r e e e e r 
MetaLlb portal e r. r e e r e 
University Library Catalogue r e e e r r e 
WWWsearch engines (such as, e: r e e e e e Google) 
J [." ". . -~ -, " " . "" 
.' -~;; 
l 
l 
Section B - Perceptions about the importance of elements for 
judging the usefulness of a digital learning resource. 
Please indicate how important the following elements are for you to 
decide whether a digital learning resource (such as, an electronic 
book, electronic journal, online lecture note or on line lesson) is 
useful or not. 
( 1 = Not at all important and 7= Most important) 
4. The title of the digital learning resource: 
1 2 3 
e r 
4 
e 
5 
r 
6 
o 
7 
r 
" I 
5. A summary-description of the contents of the digital learning resource: 
1 2 3 4 5 6 7 
e e r e e e e 
" 
'.f" "" 
" J 
397 
I 
! 
l- , 
[ 
6. The keywords describing the topic of the digital learning resource: 
1 2 3 4 5 6 7 
c:- c:- c:- r:: c:- c:- c:-
I - " - , .~ ~ , , "" - ; ","'" 
7. The coverage of the digital learning resource (for example, information 
about the time, culture, geography or region covered by the contents of 
the digital learning resource): 
1 
("" 
2 3 4 
("" 
5 
("" 
6 7 
c:-
I 
I 
8. Information about the way the contents of a digital learning resource are 
structured (for example, Is the resource composed of more than one 
components and how these components are organised for presentation?): 
1234567 
c:- c:- c:- c:- ("" c:- ("" 
- r 
9. Information about the date when a digital learning resource became 
available (for example, this can Include the year of publication or the date 
when the resource was updated): 
1 2 3 4 5 6 7 
("" ("" ("" 
- ~ ! . w y-
10. The version/edition ofthe digital learning resource (for example, 1st 
edition, 2nd edition, etc): 
1 2 3 4 5 6 7 
r. ("" r, ("" c:- ("" c:-
11. The author or creator of the digital learning resource: 
1 2 3 4 5 6 7 
("" ("" ("" ("" c:- c:- ("" 
r- ' - G 
12. The format of the digital learning resource (for example, a video/mpeg 
file, text/html, audio file, etc): 
1 2 3 4 5 6 7 
("" ("" ("" c:- ("" ("" ("" 
- : , ,- -
13. The size ofthe digitalleaming resource (for example, 1900 bytes): 
I 
I 
I 
J 
I 
398 
I 
i 
I 
f 
1 2 3 4 5 6 7 
e" (' e" e" e" e" e" 
J 
14. The location of the digital learning resource (for example, its 
electronic address: http://www.lboro.ac.uk): 
1 2 3 4 5 6 7 
e" r (' (' e" e" (' 
C-
iII : . , < " <.1 
15. Information about the technical requirements for uSing the digital 
learning resource (for example, operating system or browser version 
needed): 
1 2 3 4 5 6 7 
e" e" (' e" r: (' e" 
I 
16. Information about the installation of the digital learning resource (for 
example, a description about how to install-download the digital learning 
resource): 
1 2 3 4 5 6 7 
(' (' (' e" (' e" (' 
H I 
17. The interactivity of the digital learning resource (for example, whether 
the learner has to perform actions of high interactivity, such as, completing 
a questionnaire or solving a problem, or, actions of lower interactivity, 
such as, reading a text or watching a video): 
1 2 3 4 5 6 7 
e" r (' e" e" e" e" 
f"'-
18. The type of the digital learning resource (for example, whether it is an 
exerCise, a simulation, a question, or an exam paper): 
1 2 3 4 5 6 7 
r: c (' c r: c (' 
) 
<.. < < ] 
19. The audience of the digital learning resource (for example, whether it 
IS targeting undergraduates or postgraduates, whether it is available for 
students in Higher or Further Education, or whether it is appropnate for 
people of a particular age): 
1 2 3 4 5 6 7 
C C (' e" C C e" 
J 
399 
I 
I 
I 
20. The level of difficulty of the digital learning resource: 
1 2 3 4 5 6 7 
C C r c:: C C r 
J 
21. The typical time it takes for the learner to work with the digital learning 
resource: 
1 2 3 4 5 6 7 
r C r C C r r 
-,. "~-' 
22. Tutors' comments about how the digital learning resource should be 
used: 
1 2 3 4 5 6 
C C r C r r 
., 
23. The costs involved in the use of the digital learning resource (for 
example, is It available for free or a fee is required?): 
1 
C 
2 
C 
3 
r 
4 5 6 
r 
7 
r 
7 
C 
24. The copyright or other restrictions that apply to the use of a digital 
learning resource: 
1 2 3 4 5 6 7 
C C C C C C C 
;i; -~ , 
25. The relation of the digital learning resource with other digital learning 
resources· 
1 2 3 4 5 6 7 
i r: r c:: c:: C r 
' , ' , " , 
':' 
, ' , . ,0 
26. The language of the digital learning object (for example, Engish, 
French, Greek etc): 
1 2 3 4 5 6 7 
C C r c:: C· C ("" 
lease send an e-mail to the following e-mail adress, texting: "Survey 
007", to take part in the draw for an iPOD: 
I 
I 
I 
I 
I 
400 
he draw results will be announced during June. 
- -
: finISh §urvey 
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AppendixR 
Table 1. Speannan's tests for construct validity 
Metadata element p. r r2 
TItle 0003 0187 0035 
Language 00005 0491 024 
Summary - Description 00005 0303 0091 
Keywords - Subject 00005 0405 0.16 
terms 
Coverage 00005 0450 020 
Structure 00005 0518 027 
Version 00005 0540 029 
Author 00005 0388 0.15 
Date 00005 0249 006 
Format 00005 0650 042 
Size 00005 0618 038 
Location 00005 0535 029 
Technical reqUirements 00005 0592 035 
Installation 00005 0615 038 
I nteracllvlty 00005 0517 027 
Learnmg resource type 00005 . 0494 024 
Audience 00005 0500 025 
Difficulty 0.0005 0546 030 
Learnmg lime 00005 0409 017 
Costs 00005 0379 014 
Copynght 00005 0431 018 
Relation 00005 0416 017 
Tutor's comments 00005 0343 012 
'AII correlation were slgmficant at the 001 level 
402 
Table 2. Wilcoxon Tests: differences between pairs of metadata elements 
TItle 
Summary 
Keywords 
Coverage 
Structure 
Language 
Version 
Author 
Format 
S,ze 
Location 
ReqUIrements 
InstallatIOn 
TIme 
Type 
Aud,ence 
DIfficulty 
InteractlVlty 
Comments 
Costs 
Copyright 
Relation 
Date 
TItle 
Summary 
Keywords 
Coverage 
Structure 
Language 
VersIOn 
Author 
Format 
Size 
Location 
ReqUIrements 
InstallatIOn 
Time 
Type 
AudIence 
DIfficulty 
InteractiVlty 
Comments 
Costs 
Copyright 
RelatIOn 
Date 
TItle 
• 
•• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
Author 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
Summary 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
Format 
• 
• 
• 
• 
• 
• 
• 
•• 
• 
• 
• 
• 
• 
• 
• 
•• 
•• 
• 
• DIfference slgmficant at the 0 01 level 
•• DIfference slgmficant at the 0 05 level 
Keywords Coverage 
•• • 
• • 
• 
• 
• • 
• • 
• • 
• • 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
" 
• 
• 
S,ze 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
LocatIOn 
• 
• 
• 
• 
• 
• 
• 
•• 
• 
•• 
•• 
•• 
• 
• 
•• 
• 
Structure 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
ReqUIrements 
• 
• 
• 
• 
•• 
• 
• 
• 
• 
•• 
• 
• 
• 
• 
• 
• 
• 
Language 
• 
• 
• 
• 
• 
• 
• 
• 
• 
•• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
InstallatIOn 
• 
• 
• 
• 
• 
• 
•• 
• 
•• 
• 
• 
• 
• 
• 
• 
• 
Version 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
•• 
• 
• 
• 
• 
• 
• 
• 
Time 
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Table 2. Wilcoxon Tests: differences between pans ofmetadata elements 
Type AudIence DIfficulty TIme Comments Costs Copynght 
TItle • • 
Summary • • • • • • • 
Keywords • • • • • • • 
Coverage • • 
Structure • • • • • • 
Language • • • • • • • 
Version • • • • • • • 
Author • • • • • • 
Format • • • • • • •• 
Size • • • • • • • 
Location • •• •• •• • • 
RequIrements • • • • • • 
InstallatIOn • • • • • • 
Time • • • • • • 
Type • • 
Audience • • 
DIfficulty • • 
Interactlvlty • • 
Comments • • 
Costs • • • • • • 
Copyright • • • • • • 
Relation • • • • • • 
Date • • 
RelatIOn Date 
TItle • 
Summary • • 
Keywords • • 
Coverage • 
Structure • 
Language • • 
Version • • 
Author • 
Format •• • 
Size • • 
LocatIOn •• • 
Requirements • 
InstallatIOn • 
Time • 
TYpe • 
Audience • 
Difficulty • 
Interactivity • 
Comments • 
Costs • • 
COPYrIght • 
RelatIOn • 
Date • 
• DIfference slgOlficant at the 0 01 level 
.. DIfference slgruficant at the 0 05 level 
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Table 3. Mann Whitney tests for impact of educational level 
Title summary keywords coveraQe structure LanQuage version 
Mann-Whltney U 3945500 4387500 4520500 4496 500 3937000 4304000 4164 500 
WllcoxonW 25681500 26123500 26256 500 5486500 4927000 5294000 5154 500 
Z 
-1473 -447 -130 -186 -1482 -630 - 951 
Asymp 81g (2-talled) 141 655 897 853 138 528 342 
reqUlreme Learning 
Author format size location nt Installation time 
Mann-Whltney U 3624500 4290000 4190000 3785000 3526500 3881000 3594500 
WilcoxonW 25360500 5280000 5180000 4775000 25262500 25617000 4564 500 
Z 
-2198 - 665 -894 -1829 -2429 -1608 -2286 
Asymp 81g (2-talled) 028 506 371 067 015 108 022 
Interactlvlt 
type audience difficulty y comments Costs copynght 
Mann-Whltney U 3811000 4357500 4205500 4323500 4320500 4487000 4544000 
WllcoxonW 4801000 26093500 5195500 5313500 5310500 5477000 5534000 
Z 
-1788 - 511 -864 - 590 -599 - 217 -074 
Asymp 81g (2-talled) 074 609 387 555 549 828 941 
relation date 
Mann-Whltney U 4140500 4183500 
W,lcoxonW 25876500 25919500 
Z 
-1020 -930 
Asymp 81g (2-talled) 308 352 
a Grouping Variable Level 
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Table 4. Mann-Whitn ey for impact of subject dIscipline 
title 
Mann-Whitney U 7822500 
WilcoxonW 14962500 
Z 
-162 
Asymp Slg (2-talled) 872 
author 
Mann-Whitney U 7673000 
W,lcoxonW 14813000 
Z 
-422 
Asymp Slg (2-talled) 673 
type 
Mann-Whitney U 6872 000 
WilcoxonW 15783000 
Z 
-1851 
Asymp Slg (2-talled) 064 
relation 
Mann-Whitney U 7346000 
WilcoxonW 16257000 
Z 
-I 010 
Asymp Slg (2-talled) 312 
a Grouping Variable Subject 
summ a 
7885 
15025 
-
form 
7497 
16408 
-
000 
000 
051 
959 
at 
500 
500 
735 
462 
audle nee 
7518 
16429 
-
500 
500 
703 
482 
Dat e 
7724 
16635 
-
000 
000 
341 
733 
ke rds covers e Structure 
7392000 6824500 6866000 
16303000 13964 500 14006000 
-929 -1933 -1848 
353 053 065 
ReqUJrem 
sIze location ent 
7274000 7327000 6779500 
16185000 14467000 15690500 
-1.126 -1031 -1995 
260 302 046 
Interactlv~ Comment 
dlfficul s 
7445500 7625000 7695500 
14585500 16536000 14835500 
- 830 - 513 - 388 
406 608 698 
lan ua e versIon 
7586500 7209000 
14726500 14349000 
-576 -1238 
564 216 
leamlng 
Installation time 
6565000 7114000 
15476000 16025000 
-2372 -1416 
018 157 
costs co n hI 
7211500 7408500 
14351500 16319500 
-1304 -889 
192 374 
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Table 5. Mann-Whitne y for impact of frequency of use of the WWW 
title 
Mann-Whltney U 6122000 
WilcoxonW 23327000 
Z 
-152 
Asymp $Ig (2-talled) 880 
author 
Mann-Whltney U 5785500 
WilcoxonW 8063500 
Z 
- 818 
Asymp $.g (2-talled) 414 
type 
Mann-Whltney U 5869500 
WllcoxonW 8147500 
Z 
-659 
Asymp $.g (2-talled) 510 
relation 
Mann-Whltney U 5584 000 
WilcoxonW 22789000 
Z 
-1234 
Asymp $.g (2-talled) 217 
$ umma 
5093500 
7371500 
-2251 
024 
Format 
5637000 
7915000 
-1120 
263 
A udlence 
2 
5650500 
7928500 
-1100 
271 
Date 
5294500 
2499500 
-1839 
066 
a Grouping Vanable Web expenence gro up 
covera e Structure 
5449000 5700000 
7837500 22654000 22905000 
-1284 -1501 - 992 
199 133 321 
ReqUlrem 
size location ent 
6191000 5876500 5314000 
23396000 8154 500 7592000 
- 013 -638 -1757 
990 524 079 
Interactlvlt Comment 
dlfficul s 
6096000 6092500 6170500 
8374000 23297500 23375500 
-203 - 211 -054 
839 833 957 
lan ua e version 
6195000 6016000 
23400000 8294000 
-005 - 360 
996 719 
leamlng 
Installation time 
5884000 5923500 
8142000 8201500 
-663 - 548 
507 583 
costs co n ht 
5791000 5621000 
22996000 22826000 
-853 -1146 
394 252 
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Appendix 5 
Background Questionnaire 
Part A - Familiarisation and experience with Personal Computers and WWW 
I. How would you evaluate your familiarisation with the World Wide Web (WWW): 
(Please circle tbe number tbat most appropriately reflects your impressions about using personal 
computers). 
Not at all famihar Very familiar 
1234567 
2. Please choose from the list below, the frequency of use ofthe WWW durmg the week 
o I never use the WWW (Tbe questionnaire is completed) 
o Less than one hour per week 
o One to four hours per week 
o FIve to 10 hours per week 
o More than 10 hours per week 
"I 
3. For which purpose have y()U been usmg the WWW most frequently? 
(please tick tbe appropriate box: l=Never used, 7= Used very frequently). 
3.1. ReadlO textual information 
3 2. Llstenm to musIc 
3 3. Vlewln Ima eslPhotos 
34. Watchmg VIdeos 
3 5. Vsm other Mulumedla a hcatlOns 
3.6. CommuOlcatmg wIth fnends, colleagues etc (chat, 
emails, blo s 
3 7. Shann mformation e g wlkls 
3 8 Onhne learning (for example, partlclpatmg 10 onhne 
lectures, solving online exercIses, puzzles or problems, 
takin onhne assessment 
1 2 3 4 
4. WhIch of the following online WWW services have you been using most frequently? 
(please tick tbe appropriate box: l=Never used, 7= Used very frequently) 
1 2 3 4 
4.1. The Libr 
42. The Llbr Portal (such as MetaLlb) 
4.3 The Llbr e-book colleetion 
4 4 The VOIverslty InstlMlonal - e-prmt reposItory 
4 5 Scholarl databases such as, Emerald, LISA 
4 6 Search en mes e Goo le 
4 7 Sub eet GUIdes (e g Yahoo 
48 Portals 
5 
5 
6 7 
6 7 
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5. Have you used the MERLOT (http.llwww.merlot org) onhne systems before? 
DYes ONo (fhe questionnaire is completed) 
6. If'YES', how familiar are you wIth thIs system? 
(please lIck the appropnate box: I=Not at all familiar, 7= Very familiar) 
1 2 3 4 5 6 
MERLOT online system 
Part B - Documentation of the learning gap and users' characteristics 
7. Please wrIte a short description of your learmng gap for which learning matenal is needed' 
8. Please provide some keywords descnbmg your learnmg gap for which learnmg matenal is needed: 
9. Is this a new infonnation need for you? 
DYes 
ONo 
10. How well IS your infonnation need currently defined? 
Weakly defined 1234567 Well defined 
11. How would you describe your level of mterest m the mfonnation need at thIS stage' 
Not at all mterested 1 2 3 4 5 6 7 Very Interested 
7 
12 How would you rank the arnount of knowledge you possess in relatIOn to the problem (infonnalOtn 
need) which motIvated this request? 
Little personal knowledge 1 2 3 4 5 6 7 Considerable personal knowledge 
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Part C - Subject discipline 
13. Level of study: 
o First year undergraduate student 
o Second year undergraduate student 
o Third year undergraduate student 
o Fourth year undergraduate student 
o Taught postgraduate student 
o Research postgraduate student 
14 Department and Faculty Name: 
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frpt. FltfllrtIIU YaIeII:aI ASSlgnll'ltlltS (~_) 
OateAdded Ncw10 'lOOS 
Dale WOdIftld: Stp21 2007 
k.l!!l"If.\Ii;12O' SUll1$Kt feer R-.I_ (no! fe.oi_d) 
Aulhor Pallid W SIOCt.bvrgtr Comm~ta (nOM) 
ThiII '-Kldall) '''~ oni.!idi '4' ,peg, WItCOl'ltam PtlNIlj\! Cd mjlne (<t) 
• gttM dHI 01 !II"'~tI v A&"gnmttllS (~4n.) 
T)pe R .. ..-.m;e W8Ia1a1 
DiUAMe4.AQI'Oi 2001 
Daltl.todHlgl,lay03 
~~ilIllrM 
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I~~ ~m-T 
P ... ~(noI ..... _d) 
COmments (none) 
P<t1!OI1i1l CQI!e:1Jons (3) 
A»III'I/MfIIS (non.) 
Think aloud: 
Highlighting: 
The participant highlighted the 
term "Introductory statistics" in 
the second metadata surrogate 
displayed in the overview 
In the analysis of the think aloud 
protocol the participant justified 
this highlighting as follows: 
"It says it is Introductol)' 
interface . 
.., • statistics, so it is of use to me 
- ........... coding ..... 6.----- because I need a general 
~ introduction on SPSS" 
Participant ID = 10 
Introductory statIstICS 
"It says it is Introductory Statistics so it is 
of use to me because I need a general 
introduction on SPSS" 
Category 
Depth / Scope! 
SpecIficlty (4*) 
Individual 
criterion 
Depth 
(4.1 *) 
Location 
Overview 
*The number symbolises the ID of the particular category of CrIterIa or individual crIterIon The 
first column Includes the participants ID the highlighted term and a comments that applied to a 
specific highlighting The second and the third column Include the names and IDs of the category 
and individual CrIterIon under which the contents of the first column are categorIsed Finally, the 
forth column Includes the location where the highlighting occurred (I e overview, preview or 
learning object Itself) 
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Appendix U 
Questions for the interview 
1. What factors helped you decide whether a learning object is relevant, partially 
relevant or not relevant? 
2. Is there is any additional information you would like to be presented in the 
surrogate? 
3. Which elements in the metadata record were most useful to help you decide 
whether a learning object was relevant or not-relevant? 
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Appendix V 
List of relevance criteria used in the encoding of users' relevance judgment 
behaviour 
ID Criterion Description 
" "I Category of topicality 
-
, ' 
"' 
_ ' " ,- , 
," ,,' 
" '" , '" " 
The tOPiCal relatedness of the matenal 
I I TOPIC - subleet to users' needs 
, ' 2 ' Currency I Recencv Category" -
, , " ' , " 
" " 
" 
How current, recent or up to date the 
21 Currency I Recency matenalls 
'< 3 Tanglblltty I UtIlity of data category ,/ , , ,~, , « , '~ , " , 
Type of data such as raw or hard data, 
31 Type of data use of mphs and tahles 
Detailed or summansed presentation of 
32 Amount of data Data 
The Inclusion of practIccal suggestions, 
33 Relevance/utIltty of data to the learner examples, Itsts, help 
34 References The mcluslon ofhst of references 
4 Depthl scope! ,pecificity cat ... orv " ' " 
The depth of coverage (for example for 
4 I Depth begmners or advanced 
42 Scope The scope of the learntng matenal 
The speclficlty of the learnmg material 
43 Speclficlty (many POInts of vIew) 
The completeness of the contents of the 
44 Completeness leamm~ material 
, , 5 Technical characteristics category " ", ;: " '" ) 
The format of the matenal (e g lava 
S I Fonnat Apple!, hmi, pd!) 
SpeCial rendenng mechaDlsms or 
S2 Special requiSItes Software 
How long It takes for the learner to 
53 Duration of the tearnmg matenal mteract (e g Video material) 
How a learner can down load the 
S4 Downloadm,g time and charactenstIcs resource and tIme needed to download It 
6 Availablhtv cateeorv ' 
, , 
~ " , 
-
~ , 
" 
61 Cost The cost of the matenal 
The aV81lablhty of the matenal 
62 A vatlablltlY (e g broken hnks) ~ 
63 COPYrIght res!netlons The copynght statement of the matenal 
r" J~ Presentation and organisation of the 1 " " , -, ~ , ,,,, '" 
, 
I: / 
7 resource catee:orv ~ " , 
" 
, 
"" 
, ,,' " , 
" 
The structure and orgamsatIon of the 
7 I Structure and orgamsatton of contents contents of the matenal 
The clarIty of the textual and VISUal 
72 Clarity ofvlsualmformatIon objects (e g readablltty) 
How mteractlVY the resource IS 
73 Type of mteracttvltv (type and level of mteraetlvltv) 
Whether the resource was 
74 AesthetiC Appeal of the resource ae,thetlacally plaisant 
75 Relationship With other resources Relatomshlp With other resources 
,s 8 Peda202u~al characteristics catee:ory~'" < if"" , 
" 
" " 
, 
Vc'''" if :' , 
The type of the learnmg resource 
8 I Learnmg resource type (e g exercISe, lecture note) 
" , 
", ' 
, 
, < 
" 
" 
+ 
" 
'\ 
, , 
"'"' ~ ,{ 
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What matenalls Include that supports 
82 Supportive I asslstIve learmn~ matenal learnmg(e g dlclIOnanes) 
Who the pnmary audience of the 
83 Audience resource IS 
What the leammg objectIves of the 
84 Learnmg objectIves resource are 
85 DIfficulty level What level of pnor knowledge IS reqUIred 
Quality I reliability of the resource -, 
" 
, , , 
, , , , 
9 Cate20rv , 
QUality I relIabilIty of the resource 
The quality or reliabIlity of the contents 
9 I of the resource 
The authonty of the leammg 
92 Authonty of the resource Matenal 
The author's affilIation 
93 AffilIation of the author (e ~ academIC IOstltutIon) 
94 Reputation of the resource The reputation of the resource 
The domain name of the URL 
95 URLdomam (e g corn, edu etc) 
10 Affectiveness Cate20ry c, , ~, 
-
Refers to emotional cnterta 
10 I Affectlveness (e g satISfactIOn, mterest etc) 
Background experience and Learner "": , /: t . 
/",. 
. ' , 
. 
11 characteristics category ,~~' r" ' .- rV' ~ -
Refers to the background knowledge 
III Background knowledge I experience and co~mtJ.ve state 
Whether the user IS fanultar With particular 
112 FamllIansatlon With the resource Learnm~ material 
Expectations about the content and presentation 
I I 3 Expectations of the resource 
12 Verification ' , . - , .. '" " "",," A"A , ,';",1 :,' ",,' ,_ 
. , 
" , , . , , 
Degree of agreement between the 
contents of the resource and other 
12 I Venficatlon external resources 
13 Document criteria CRtct!QrfEfJi ' ,','::lU,e," ,1' ;1,: :x: ,-,-1-' '; , . . , 
13 I Language The lan2U .. e of the material 
The vensonl edition of the 
132 VersIOn I Edition Learnmg material 
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AppendixW 
Criteria from .'t content analysis Frequency Criteria from 2nd content analvsis FreQuencv 
r Cate20ry of topicaUty~. , 123 Cate20ry of toplcahty , . , ~134 ' ,J ~ 
Toplc- subject 123 TopIC - Subject· 134 (+11) 
i Currency I Recency Cate20ry , " 15 " ~ ," Currency : ,"\ ~ ~ , ~ .. IS' . ~ c 
Currency I Recency 15 Recencv a different cntenon 15 
I Tan21bility I Utllitv of data cate20rv 9 Tan2lb,htv , , 8 (-1) , ~ 
Type of data 4 Type of data 4 
Amount of data 0 Amount of data 0 
Relevance/utlhty of data to the learner S Relevance I utthtv of data to the learner· 4 (-I) 
References 0 References 0 
I Depthl scopel specificltv 'ate20rv 20 Depth/scope! specificilL ' .. , 20 • 4 
Depth 8 Depth· 11 (+3) 
Scope 7 Scope 7 
Speclficlty 5 Speclficlty· 2 (-3) 
Completeness 0 Completeness 0 
~ Technical characteristics category" ~ 9 .. ~Technical characteristics . \ .. . , 9 ""~ ,~ I ' .' 
Format I Format 1 
SpeCIal requIsites 3 SpeCIal requIrements 3 
Duration of the Iearnmg matenal I Duration orthe learnmg matenal 1 
Downloadmg time and charactenstlcs 4 Downloadmg time and charactenstlcs 4 
I AvaIlability cate.ory . . , 7 ,. ' . ,,' Availabihty .' . 
.' '" 7 'I 
Cost 2 Cost 2 
Avatlablltty 3 Avatlablhtv 3 
Covvnght restrictions 2 Copynght 2 
~ Presentation and organisatIOn of the ~6, " ' Presentation and organisatIOn of the " ," 
".I J resource cate20fy : ' resource cate20ry .. , , , 16. ~,,- :,~ 
Structure and organIsatIOn of contents 4 Structure 4 
Clanty of VISUal mformatIon I Clarity of ViSUal mformatIon· 0(-1) 
Type of interactlvlty 6 Type of interactlVlty 6 
Aesthetic Appeal of the resource 2 Aesthetic appeal of the resource· 3 (+1) 
RelationshIP with other resources 3 RelatIOnship With other resources 3 
t Pedaf!oe:ical characteristics catef!orv " 35 
" 
: PedaiolZical characteristicS 1 ' : .l"~ 35'" :' .~ 
LearmnJ~: resource type 18 Learning resource type 18 
SupportIve I asslstlve learntng material 6 Supportive I asslstive material 6 
AudIence 7 Audience 7 
learnIng oblectlves 4 Learnmg oblectIves 4 
Dlfficultv level 0 Dlfficultv level 0 ! Quahty I reliabilIty of the resource ' , , 7 .. , . .. ." , 
.j Cate2ory. \&.4, ,,','..., 
" 
, " {, Qua'hty / reliabihty of the res1iurce 
" 
, 7 
Quahty I rehablhty of the resource 3 QualIty I rehablhty of the resource 3 
Authority of the resource 3 Authonty ofth. resource 3 
AffihatIon of the author 0 AffiltatIon of the author 0 
Reputation of the resource I ReputatIon of the resource 1 
URLdomam 0 URLdomatn 0 
I' Affective .... Cateeorv ' , : , " 4 , .. " " Affectiveness ' , ' . , 3 
'. 
, 
, 
Affectlveness 4 Affectlveness· 3 (-1) 
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r:B8CkgroiindexperTence'ana'Learner " ~ 3 ? ) ~ ~~4 ';'"" Background \iexperi;n~~aDd learner );~h " "'~~ 
, characteristics cateimrv "" e ' ,,' r "'" ~ ,\ cbaracteristics '>, c' ~"t ' 3 "' ~ " 
Background knowledge I expenence 3 Background knowledge I eXjl"nence 3 
Famiharlsatton with the resource 0 Famlhansatton with the resource 0 
Expectations 0 ExpectatIons 0 
t Verification " ; , " 0"" 'c Verification "'"" " ;"1' "' 0 , 
Venficatlon 0 Venficatlon 0 
f Document criteria Cate"2ory " , 14 ," Coeument criteria 14 
Language 14 Language 14 
Version 0 Version 0 
• In these cases there was a small variabilIty m frequencies between the first and the second content 
analysis. It appears that this variability occurred due to the relatedness between some criteria, such as, 
Aesthetic appeal & Clanty of visual mforrnatlOn and Depth & SpecIficlty. 
" ,1 
J, 
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Appendix X 
Background Questionnaire 
Table I. Purpose for using the WWW 
Communicating with friends, 
colleagues etc (chat, emalls, 
blogs) 
Reading textual Information 
Watching Videos 
listening to music 
Viewing ImageS/Photos 
USing other Multimedia 
applications 
Sharing information (e g 
wlkls) 
Onllne leamlng 
lIkert score 
60 
59 
45 
43 
39 
39 
36 
31 
Table 2 Use of Electronic Information Services (EIS) 
Search engines 
Scholar databases 
The Library Portal (such as 
MetaLlb) 
The Library Catalogue 
(OPAC) 
Subject Guides (e g Yahoo) 
Portals 
The Library e-book collection 
The University Inst~ubonal- , 
e-prlnt repository 
Learning object repositories 
Llkert score 
66 
60 
57 
54 
42 
38 
30 
24 
20 
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Table 3. Participants' infonnation needs 
Participant 
ID 
A 
B 
c 
o 
E 
F 
G 
H 
J 
K 
L 
Information need 
How to use the SPSS 
How to calculate normal distribution 
How to write a business plan 
A concept map of organizational theory 
How to use SPSS for chi square tests 
How to use XML In content management 
systems 
What are the responSibilities of project 
managers 
What IS the trinity phenomenon In 
Christianity 
Differences In the preferences of books 
between gins and boys 
How to plan or deSign and information 
literacy course 
How to write an essay 
Keywords 
SPSS, Stallstlcs 
Normal distribution, statistics 
Business plan 
Intelligent organization, 
concept map, organizational 
theory 
SPSS, Chi squared tests, 
Statistics 
XML tutorials, XML, content 
management systems 
Project managers, 
responSibilities 
Trinity, Christianity, Holy 
Spirit 
Teenage literature, fiction 
books 
Information literacy, lesson 
plans 
Essay writing 
Table 4. Participants' description ofan infonnation need 
New Information Level of Defmltlon of Amount of Time spent 
need interest· Information knowledge· 
need· 
A No 5 4 4 Enough 
B Yes 7 4 3 A lot 
C Yes 7 3 4 Enough 
D No 6 4 5 A lot 
E Yes 4 4 3 Enough 
F No 6 5 6 A lot 
G No 7 5 3 Enough 
H Yes 7 2 2 A lot 
I Yes 5 2 2 A lot 
J Yes 4 5 3 Enough 
K No 5 4 3 A lot 
• Seven pOint Llkert scale used 
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Table 5. One way within subjects ANOVA: Table of within subjects effects 
Type III Sum 
Source 01 Sauares dl Mean Sauare 
Sphenclty Assumed 365515 2 182758 
Greenhouse-Gelsser 365515 1227 297886 
Huynh-Feldt 365515 1 311 278904 
Lower·bound 365515 1000 365515 
Sphenclty Assumed 1386485 20 69324 
Greenhouse·Gelsser 1386485 12270 112995 
Huynh-Feldt 1386485 13105 105795 
Lower·bound 1386485 10000 138648 
Table 6. The Mauchly's test ofsphericity 
Approx 
Mauchly's Chi· 
Within subjects effect W Square df 51g Huvnh·Feldt 
Interface 370 8947 2 011 614 
Figure 1. Histogram of normal distribution 
20 
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F SIO Souared 
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419 
Figure 2. Q-Q plot 
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AppendixY 
Proposed LOM application profile for search result interfaces 
Element Name Description Status Status in UK LOM 
CORE 
I. General ThIs IS a parent metadata REQUIRED REQUIRED 
element and focuses on the 
descnptlve characteristics of 
a learnIng obJect. 
1.1. IdentIfier The URL or UnIque RECOMMEDED REQUIRED 
identifier of a learning 
object (e g. URI, DOl) 
I 2 TItle The tItle of a learnIng object REQUIRED REQUIRED 
1.3. Language The language of the REQUIRED REQUIRED 
contents of the learnIng 
object (e g French, EnglIsh) 
I 4 DescriptIon A descnptlOn / summary of REQUIRED REQUIRED 
the contents of a learning 
obJect 
1.5. Keyword Keywords and phrases REQUIRED RECOMMENDED 
descnbIng the contents of 
the learnIng obJect. 
16 Coverage The geographIcal or RECOMMENDED RECOMMENDED 
chronologIcal coverage of 
the contents of a learnIng 
obJect. 
1.7. Structure The structure and RECOMMENDED OPTIONAL 
I 8. AggregatIOn Level granularity of the 
components of a learning 
objects (e g data and 
informatIon objects) 
2. LIfe Cycle ThIs IS a parent metadata REQUIRED REQUIRED 
element and includes 
metadata about the edltonal 
history ofa learnIng object 
(versIOn, edItion and status) 
2 I Version The versIOn / edItIOn / status OPTIONAL RECOMMENDED (2 I) 
22. Status of a learning object OPTIONAL (2 2) 
2 3. Contnbute The person or entIty RECOMMENDED REQUIRED 
(Author) responsible for the creation, 
edItIOn and publicatIOn of a 
learnIng object. 
23 I. Contnbute Date The data of creatIOn, edItion REQUIRED REQUIRED 
or publIcatIon of a learning 
object 
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3. Meta-Metadata ThIs IS a parent metadata OPTIONAL REQUIRED 
category element and Includes sub 
elements that document the 
creation of the metadata 
surrogate (useful for 
admInIstrative EU!E0ses1. 
4. Techmcal ThIs IS a parent metadata RECOMMENDED REQUIRED 
element that includes 
metadata elements about the 
techmcal charactenstlcs of a 
learnin!! oblect 
41. Format The format of the learning RECOMMENDED RECOMMENDED 
object (e g. html, pdg,java 
aEElet1 
4.2. SIze The physIcal sIze of a OptIOnal RECOMMENDED 
learning object (e g 2300 
b~tes1· 
4.3. LocatIOn (see also The locatIOn of a learnIng RECOMMENDED REQUIRED 
1.11 oblect!e!l' URL1. 
4.4. Techmcal The technology needed to OPTIONAL OPTIONAL 
reqUIrements use or render the learnIng 
4.5. Other platform object. 
regUlrements 
4 6 InstallatIOn InformatIon about the RECOMMENDED OPTIONAL 
remarks Installation of a learnIng 
obleet. 
4 7. DuratIOn How long It takes to use the OPTIONAL OPTIONAL 
learning object (thIS IS more 
appropriate for VIdeo or 
audIO files) 
4.8. Downloading How a learner can download RECOMMENDED 
time and the 
characteristics resource and time needed to 
download It 
4.9. Link AvaIlablhty The avat/abllIty of the matenal OPTIONAL 
1e B broken lInks) 
4.10. AccesstbIlity Whether the iearmng object OPTIONAL 
meets accessibilIty 
r~U1rements! e G: section 508~ 
5. EducatIOnal ThIS IS a parent metadata REQUIRED RECOMMENDED 
element and includes 
metadat. that document the 
pedagogical characteristtcs 
of a leamin!! object 
5.1. Interactlvlty type These metadata elements RECOMMENDED RECOMMENDED 
5.3. Interactivity level prOVIde Informatton about 
the interactlvity type (e.g. 
active, expOSItive or mixed) 
and level of interactivity 
(HIgh, medium or low) of a 
learning object 
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5.2. Leammg resource The type or kmd of a REQUIRED RECOMMENDED 
type learnmg object (e g 
exercise, lecture, tutorial, 
questionnaire, self 
assessment) 
5.4. SemanlIc densIty The level of concIseness or OPTIONAL RECOMMENDED 
comprehensiveness of a 
learning obJect. 
5.5. Intended End User These metadata elements REQUIRED RECOMMENDED 
Role document the intended 
56 Context audIence of a learnmg 
57. Typical Age object. 
Ranlle 
5 8. DIfficulty The level of dIfficulty ofa RECOMMENDED RECOMMENDED 
leamm~ obJect 
5 9 TypIcal Learning The time that takes for a RECOMMENDED OPTIONAL 
Time learner to learn or 
comprehend the contents of 
a learnIng object. This 
element emphasises 
cognitive tIme rather than 
physical time The latter IS 
documented in 4 7 DuratIOn 
5.10 DescnptlOn InfonnatlOn or descnptlOn OPTIONAL RECOMMENDED 
about how thIS learning 
oblect should be used. 
5.I I. Language The language ofthe learner. OPTIONAL RECOMMENDED 
The language of the learning 
object IS documented in 
I 3 Langua~e 
5.12. AsslslIve Material that supports learnmg RECOMMENDED 
learning material (e g glossary) and 
accomE;ames the mam source 
5.13. Learning What the learnmg obJeCllves of RECOMMENDED 
obiectlves the resource are 
5.14. Background Refers to the background OPTIONAL 
knowledge 
and co!2:!ltIve state 
6. RIghts Parent metadata element REQUIRED REQUIRED 
and mcludes infonnation 
about the avallabihty ofthe 
learnin!! obJect. 
6 I. Cost Whether access to the REQUIRED RECOMMENDED 
learning object is free or a 
subscnptlon fee or other 
t~Ee of Ea~ment is reguired 
6 2. Copynght and InfonnatlOn about the RECOMMENDED REQUIRED 
other restrictions copyright protectIon and 
cond,tIOns of use of the 
resource. 
6.3. DeSCriptIon A deSCriptIon about the OPTIONAL OPTIONAL 
condItions of use of the 
learnmg object 
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7. Relation ThIs metadata category RECOMMENDED OPTIONAL 
7. I. Kmd of relatIOn documents the relationship 
7.2. Resource of a learning object WIth 
other learning objects. The 
7.1 Kind, documents the 
nature of the relationshIp 
(e g. isparto£, isversionof) 
whIle the Resource provides 
a short descnptlOn and link 
to the related learnmg 
object 
8. AnnotatIOn ThIS IS a parent metadata OPTIONAL RECOMMENDED 
8 I. Entity (the creator element and provIdes 
of the comments) comments or annotatIOn 
8 2 Date (the date the about the use of a leammg 
comments were object as well as 
created) information about the 
8 3. Description (the creator of the comments and 
content ofthe the date when the comments 
comments) were wntten. 
8.4. Recommendation The number of indIvIdual OPTIONAL 
system users that have accessed the 
particular learning object 
9 ClasSIfication ThIS IS a parent metadata REQUIRED RECOMMENDED 
element and mcludes 
elements that clasSIfy the 
learnmg object according to 
a clasSIfication system. 
9. I. Purpose The purpose of c1assifymg a OPTIONAL RECOMMENDED 
learnmg object 
9 2. Taxon Path (ThIS ThIS metadata element REQUIRED RECOMMENDED 
was mapped to the clasSIfies a learnmg object 
Toplcahty relevance to a category accordmg to a 
cntenon and the specific clasSIficatIOn 
keyword I subj eet system(e g. DDC,ACM 
metadata element in vocabulary). 
the survey) (see also 
Table X, Chapter 4) 
93. DeSCrIptIOn Path ThIS provIdes a deSCrIptIOn REQUIRED OPTIONAL 
(ThIS was mapped to of the purpose of a learnmg 
the Topicahty object 
relevance enterion and 
the keyword / subject 
metadata element m 
the survey) (see also 
Table X, Chapter 4) 
9 4 Keyword(ThIS ThIS provIdes keYWIrds or REQUIRED OPTIONAL 
was mapped to the phrases about the purpose of 
Topicahty relevance the contents of a learmng 
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criterion and the object. 
keyword / subject 
metadata element in 
the survey) (see also 
Table X, Chapter 4). 
10. Tangtbllity of This IS a parent metadata RECOMMENDED 
data element that Includes sub 
elements about the type, 
amount and utility of data 
included in the learnIng 
, 
object 
10.1. Type of data InformatIOn about the data OPTIONAL 
included in the learning 
object(e g. quantItatIve 
data, qualitative data, use of 
tables or statistics) 
10.2. Amount of data The amount of data Included OPTIONAL 
m the learning object (High, 
medIUm or low). 
10.3. UtIhty / The InclUSIOn of practical RECOMMENDED 
Relevance of data to suggestions, examples, lists, 
the learner help 
10.4. References The inclusIon of references OPTIONAL 
H. Depth This is a parent metadata RECOMMENDED 
element that includes sub 
elements about the depth, 
specIficity and 
completeness 
IU. Depth The depth of coverage (for RECOMMENDED 
example for 
begmners or advanced 
learners) 
IU. Specificity The speclficlly of the learning RECOMMENDED 
matenal 
(many points of vIew) 
H.3. Completeness The completeness of the OPTIONAL 
contents of the 
learnmg matenal 
12. Presentation and ThIs IS a parent metadata OPTIONAL 
organisation of the element thatmcludes sub 
learning object elements about the clanty and 
aesthetic appeal of the learnIng 
obJect 
12.1. Clarity or visual The clanly of the textual and OPTIONAL 
information ViSUal 
obJects (e g readabilIty) 
12.2. Aesthetic appeal Whether the resource was OPTIONAL 
of the learning object aesthetlacally platsant 
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13. Quality TIlls IS a parent metadata RECOMMENDED 
element that mcludes sub 
elements about the quahty, 
authority and reputation of a 
learmng obJect or Its creators 
13.1. Quality and The quahty or rehab,hty of the RECOMMENDED 
reliability contents 
of the resource 
13.2. Authority The authonty ofthe learmng RECOMMENDED 
Matenal 
13.3. Reputation The reputatton of the resource OPTIONAL 
14. Verification (see below, 14 I) OPTIONAL 
14.1. Venfication Degree of agreement between OPTIONAL 
the contents of the resource 
and other external resources 
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